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ABSTRACT
Conjoint analysis is a recent evolution in mathematical 
psychology that has been employed extensively in the 
marketing environment. The technique is concerned with 
measuring the joint effect of two or more independent 
variables on the ordering of a dependent variable. Conjoint 
analysis relates an individual1s preferences to a set of 
prespecified attributes. The objective of conjoint analysis 
is to decomposed a set of responses to factorially designed 
stimuli in which the utility of each stimuli attribute can be 
inferred from the respondents' evaluations of the stimuli. 
In addition, conjoint analysis and its economic foundations 
are developed in the context of conventional related market 
and non-market valuation approaches. Given the
multiattribute nature of wetland based activities such as 
waterfowl hunting, conjoint analysis becomes an attractive 
approach in estimating the benefits and values derived from 
wetland based activities.
An empirical and economic analysis is presented in which 
waterfowl hunters' willingness-to-pay for various hunting 
trip attributes is derived from a rank-ordered logit 
specification of the indirect utility function. The hunting 
trip vignettes are developed according to seven different 
attributes with each attribute varying across three levels 
using a fractional factorial experiment. The data for the
xv
analysis were derived from questionnaires mailed to 7,500 
randomly selected individuals who purchased 1990 Louisiana 
duck stamps.
The statistical estimation technique employed in this 
research was rank-ordered logit via weighted least squares. 
Weighted least squares was chosen due to the presence of 
heteroskedasticity and uncertainty regarding the properties 
of the error term which masks the efficiency of the ordinary 
least squares regression. A Box-Cox transformation was also 
employed to test for specification of the functional form.
The results indicated that the length of the hunting 
season, the daily duck bag limit, and the rate of congestion 
were three significant factors influencing waterfowl hunters' 
trip rating preferences. In addition, conjoint analysis 
appears to be a viable technique for analysis of resource 
based multiattribute activities.
xv i
CHAPTER I
Introduction
Estimating the value for attributes and benefits of 
environmental amenities has been a challenging theoretical 
and empirical problem for economists. Although the demand 
curves for estimating values do exist implicitly rather than 
explicitly for public goods, it is very difficult to estimate 
demand in the absence of direct transactions. As a result, 
economists have resorted to direct and indirect approaches in 
the valuation of environmental amenities. These approaches 
have included hedonic price analyses (HP), the travel cost 
method (TCM), hedonic travel cost (HTC), the contingent 
valuation method (CVM), and marginal value product (MVP). 
The strengths and weaknesses of these estimating techniques 
are becoming more apparent through time as applications are 
employed in a wider array of benefit assessments and 
valuation problems in environmental amenities (Mitchell and 
Carson, 1989).
Despite the growing accumulation of empirical and 
theoretical evidence related to these valuation methods, 
research issues still remain concerning the value of 
information obtained from the application of these techniques 
for some resource issues. For example, while these
1
2techniques have been applied to a wide range of valuation 
issues, no consensus exists as to the appropriate method for 
wetland valuation.
Wetlands, once considered a source of pestilence and an 
impediment to development, are now acknowledged for their 
numerous commercial and development and public values 
(Table 1.1). Previous studies and research have focused on 
quantifying the agriculture, commercial and development, 
storm protection, and energy-output values of wetlands. 
Relatively little research has been devoted to quantifying 
the outdoor recreational values of wetlands. Scientific 
knowledge has slowly accumulated evidence of the valuable 
ecological and resource potential of many wetland 
environments. Increasing, knowledge of wetland values and 
benefits can help in selecting alternatives that make the 
best use of wetlands at the least cost. There are different 
economic benefits and attributes associated with wetland- 
based activities in recreation, agricultural and commercial 
development, flood control, preservation of legal boundaries, 
and the idea of wetland existence. Benefits exhibited by 
wetland areas are primarily perceived by the general public 
rather than on an individual level. Private benefits of 
alternative uses for wetland sites normally exceed private 
benefits from wetland preservation, a condition leading to 
the widespread destruction of privately owned wetlands.
3Table 1.1 List of Major Wetland-Based Functions
Recreation
Fish and Shellfish Habitat 
Waterfowl and Other Bird Habitat 
Furbearer and Other Wildlife Habitat
Protection
Flood Control 
Wave Damage Protection 
Erosion Control 
Groundwater Recharge and Water Supply 
Storm/Hurricane Protection
Production
Agriculture 
Commercial and Industrial Development 
Aquatic Productivity 
Energy Source 
Timber and Other Natural Products 
Residential Development 
Hunting and Trapping
Preservation
Habitat and Wildlife Breeding Ground 
Legal Boundaries 
Conservation
Existence
Uniqueness 
Heritage 
Future Generation Use
Source: Eugene P. Odum, "The Value of Wetlands: A
Hierarchical Approach,” American Water Resource 
Association. 11(1978): pp. 16-25.
The recognition of and concern for wetland loss as a 
problem in the nation's coastal land area is widespread. 
This concern has been expressed through a variety of personal 
actions and laws that appear ready to commit resources 
towards resolution. For many years, wetlands were considered 
as "wastelands" that were used as a dumping ground for 
refuse, draining for agriculture use, or filling in for 
commercial development. Since Colonial times, almost half of 
the United States (US) wetlands have been drained, and 
approximately 458,000 acres of U.S. wetlands are being 
destroyed each year (Wilen and Frayer, 1990). This annual 
loss equals an area about half the size of Rhode Island. 
Today, people recognize that wetlands produce numerous 
benefits and values for society, benefits which are either 
irreplaceable if lost or can only be replaced at immense 
expense when the wetland is destroyed.
A frequent issue in valuing wetland based activities is 
the question: "To whom is the value accruing?" Problems
encountered in determining and measuring the social and 
economic values of wetland benefits center on the non-market 
or intangible nature of the benefits. Wetlands are not 
generally valued for a product that can be generated, but for 
public expenditure forgone as a result of a healthy wetland 
environment. Economists have developed several methods and 
techniques for measuring such values, but none provide as 
satisfying a result as valuing traditional private goods
established by the interaction of supply and demand in the 
competitive marketplace. Two difficult issues of wetland 
benefit valuation are variation in the values of the same 
level of benefit yield from place to place and from time to 
time. The values of benefits such as visual attractiveness, 
open space, and education are larger when large numbers of 
people have access to a wetland than when it is not 
accessible to most people.
The sense of dissatisfaction in trying to place specific 
dollar values on wetland benefits has suggested to many 
economists as well as ecologists that the estimated benefit 
values can vary extensively depending on methods and 
assumptions, and the true value will change from time to time 
and place to place. However public and private decisions are 
made daily to intensify, preserve, damage, or destroy benefit 
flows from wetlands. Many wetland decisions involve 
foregoing some benefits to achieve others, including, for 
example, a decision to drain a wetland for agricultural 
activity. The wetland will produce social and aesthetic 
benefits but so will its use as cropland. Therefore, the 
need to make trade-offs among benefits is present constantly.
Almost all wetland benefits are intangible - their 
values are not established by the interaction of supply and 
demand forces in the market. Market prices for wetland based 
activities often do not exist or, when they do exist, are 
more likely determined by public administrators than derived
6from the competitive market structure. For this reason, over 
the past decades, research in the wetland area has centered 
extensively upon developing techniques and methods to 
estimate values for wetland-based activities which reflect 
the true value of the opportunity cost of using wetlands for 
other purposes. There are three basic approaches to 
obtaining these measures empirically: models of behavior
which are derived from the demand for services of 
recreational sites; models of the demand for generic 
attributes; and contingent or hypothetical valuation 
approaches which value access or quality changes directly 
from consumers' responses to questions (Bockstael, McConnell, 
and Strand, forthcoming 1991).
When faced with the task of valuing intangible benefits, 
the researcher must choose from among several approaches and 
techniques, mostly involving proxy or indirect measures of 
the value of a particular benefit to society. For example, 
wetland-based recreational activities tend not to be traded 
in competitive economic markets. Willingness-to-pay (WTP) 
associated with wetland-based recreation therefore must be 
measured employing non-market valuation techniques, for 
example, the contingent valuation method (CVM) and the travel 
cost method (TCM). The wetlands-based production activities 
have been used to value agriculture or the preservation of 
habitats and wildlife. A marginal productivity technique has 
been employed in measuring the economic benefits arising from
this activity. For example, Batie and Wilson (1978) 
estimated the marginal value product derived from the 
contribution of wetlands to Virginia oyster production.
The TCM has proven to be the focal point from which a 
host of other valuation methods have arisen. These include 
the hedonic (or property) value method; the household 
production method; the hedonic travel cost method; the 
deductive and comparative analysis method; the habitat 
evaluation procedures; and the energy analysis method. Each 
of these methods has some basic resemblance and parallel to 
the TCM technique but has developed uniquely on its own to 
address problems relating to wetland-based activities. These 
approaches to valuing benefits flows from wetland-based 
activities are based upon the observation of actual behavior 
and inferences drawn from that behavior. This assumption 
poses a problem in applying these approaches to valuation of 
wetland-based activities. That is, there must be some form 
of related market behavior from which the inferences can be 
derived. For example in the TCM approach, observed trips are 
used to infer recreational site values. However, when the 
benefits and attributes derived from wetland-based activities 
are multi-level, fewer options are available.
If wetland values are to be employed by decision makers, 
substantial improvement in method and standardization must be 
realized (Mitchell and Carson, 1989). A suggested new 
measurement technique, conjoint analysis (CJA) has the
8potential to improve decision making on wetland-based 
activities. CJA has been suggested as an alternative method 
in measuring multi-level benefits and attributes derived from 
wetland-based activities. For example, Mackenzie (1990) 
developed a CJA of waterfowl hunting that addresses the issue 
and composite nature of hunting and the valuation of 
recreational travel time directly. CJA has been presented by 
MacKenzie as an extension of the contingent valuation 
approach, and as a feasible non-market hedonic pricing 
approach. This method suggests that multiattribute goods 
such as hunting, which may incorporate multiple non-market 
environmental amenities, can be analyzed to obtain marginal 
valuations of those attributes.
CJA, first introduced in the marketing literature by 
Green and Rao (1971), drawing from the psychological 
literature, provides an alternative valuation method by which 
individuals' utilities for a particular choice object's 
attribute levels may be derived. CJA emphasis has been 
placed upon the development of methods for the measurement of 
consumer perceptions of specified levels of product 
attributes or the utilities that consumers implicitly place 
on particular product attribute configurations. Therefore, 
through the use of rank order or paired comparison preference 
data, CJA provides a means for making predictions of 
individual preferences from the derived utility values.
9Through an evaluation of combination of attribute 
levels, it is possible to gain insight as to the individual's 
trade-offs among various attributes as well as decompose the 
individual's overall evaluations into separate utility scales 
(Johnson, 1976; Wind and Spitz, 1976). Alternatively, CJA 
techniques, based on individual assessments of various 
combinations of attribute levels, provide a model and scaling 
procedure for constructing functions whose parameters reflect 
the individual's inferred utilities for alternative levels of 
defined attribute dimensions. Therefore, an individual's 
preference and choice behavior is assumed to be a function of 
the utility values placed on attribute levels of alternative 
choice objects.
Problem Statement
It is generally accepted that the wetland-based 
activities among which consumers choose possess more than one 
characteristic, that is, they are multiattribute. Attribute 
valuation is important as an end in itself because it enables 
the researcher to predict choices involving existing and new 
alternatives. Thus, for example, waterfowl hunting, a 
wetland-based recreational activity, may be described in 
terms of hunting fee charge, hours during which the hunting 
services are available, types of hunting license, different 
hunting experiences, and the number of waterfowl harvested or 
killed. These attributes could, in addition, be offered at
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different levels. Given the multiattribute nature, CJA 
becomes a particularly attractive approach in measuring the 
benefits and values derived from wetland-based activities. 
It permits determination of consumer part-worth utilities for 
different attributes and their levels. Acknowledgment of 
such part-worth utilities could enable resource managers to 
decide (1) what should be the basic features of the product 
offering, and (2) at what levels these features should be 
offered, if at all. The estimated part-worth could serve as 
a basis for segmenting the market (Green, Wind, and Jain, 
1972) .
CJA appears to offer researchers another valuation 
approach with characteristics especially suited to address 
the multiattribute nature of wetland-based functions. 
Although CJA exhibits theoretical and empirical 
characteristics valuable to researchers and resource 
managers, its application to wetland-based activities is 
fairly new and limited (Mackenzie, 1990) . As a result, 
little information exists pertaining to the effectiveness, 
both in terms of applicability based on reliability and 
validity, and value of information of CJA in wetland-based 
recreation activities. In addition, little information 
exists comparing CJA's information value to other, more 
established valuation techniques.
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Objectives
The general objective of this research is to
economically evaluate the appropriateness of conjoint 
analysis for the valuation of wetland-based recreation 
experiences.
The specific objectives are:
1. To review and evaluate non-market valuation 
techniques for wetland-based recreation.
2. To develop parameter estimates for wetland
based waterfowl recreation experiences.
3. To evaluate the applicability of conjoint
analysis in valuing wetland based waterfowl 
recreation experiences.
4. To identify and report policy implications for 
waterfowl recreation experiences.
Research Procedures
Formulation of effective marketing strategies requires 
an understanding of underlying consumer preferences. One 
approach in marketing has been the use of CJA additive, 
multiattribute, and/or decompositional models. Unlike the 
traditional TCM and CVM methods, CJA, a recent development in 
mathematical psychology parallel to nonmetric
multidimensional scaling, is based on affective or preference 
judgments about a series of alternative choice objects or 
subjects. The method is concerned with measuring the joint 
effect of two or more independent variables on the ordering
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of a dependent variables. It provides a model in which 
consumer utilities of various aspects of multifactor stimuli 
can be estimated from respondents' preference orderings of a 
set of factorially designed alternatives. From the viewpoint 
of multiattribute choice making, CJA can sometimes be used to 
decompose overall evaluations into implicit utilities for 
attributes of multiattribute alternatives (Green, 1974, and 
Green and Srinivasan, 1978). CJA models are decomposition 
models in that the utilities for individual attribute levels 
are estimated from data on total-object evaluations.
CJA provides a quantitative measure of the relative 
importance of one attribute as opposed to another. It 
represents a powerful extension of the closed-ended 
contingent valuation technique which involves decomposing a 
composite good into its component attributes, surveying 
respondents regarding their preferences for alternative 
attribute bundles, and quantifying marginal rates of 
substitution between attributes (Mackenzie, 1990). In 
addition, the approach consists of three fundamental stages: 
identification of determinant product attributes, data 
collection, and estimation of a part-worth utility function 
using a multiattribute decompositional model. There are 
several alternative approaches available in selecting the 
attributes which are relevant to consumers in forming their 
preferences. These include direct questioning of consumers, 
a mail survey, and focus interviews with consumers.
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Objective 1
Objective 1 will identify and review some of the 
traditional suggested valuation techniques applicable to 
different wetland-based activities, including TCM, CVM, the 
hedonic price approach, the energy theory of value and the 
marginal productivity approach. Strengths and weakness of 
these approaches will be indicated, including form and 
potential quality of information yielded, costs of 
information collection, and theoretical appropriateness. The 
section concludes with the introduction of conjoint analysis, 
derived from the marketing literature, as a suggested 
alternative method in estimating wetland-based recreation 
values.
Objective 2
A theoretical and empirical economic model will be 
developed for Louisiana waterfowl hunting experiences using 
primary survey data from a statewide random sample drawn from 
the 65,000 people who purchased duck stamps in 1989 from the 
Louisiana Department of Wildlife and Fisheries. Waterfowl 
hunting was chosen as an area of application for the 
evaluation of CJA as waterfowl hunting in Louisiana has 
traditionally been an important use of Louisiana's extensive 
coastal and inland wetlands. However, as the waterfowl 
population has diminished, the activity has increasingly 
required extensive management by both the Federal and State
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agencies. The economic analysis will involve non-market 
valuation using CJA. The task of CJA is to relate hunters' 
hunting preferences to a set of prespecified hunting 
attributes and experiences. More specifically, the task of 
CJA is to determine the contribution of each attribute level 
to a hunter's hunting preferences.
There are two basic approaches to collecting data in 
conjoint measurement: the trade-off approach or the full- 
profile approach. In the trade-off approach, respondents are 
requested to rank all combinations of attribute levels taking 
two attributes at a time. In the full-profile approach, 
respondents are asked to rank alternatives in terms of all 
associated attributes. The description could be in the form 
of identification of different attribute levels. In either 
case, the researcher can utilize fractional factorial design 
to select profiles for ranking by respondents instead of 
giving all possible combinations (Green et al., 1978). This 
approach will reduce the total task required from the 
respondents and improve the quality of the data.
Several methods are available to estimate parameters in 
CJA. These have been broadly classified as (Jain et al., 
1979):
1. Methods which assume that the dependent variable 
is, at most, ordinally scaled. Monotone regression 
methods such as MONANOA (Krustal, 1965), JOHNSON 
(Johnson, 1975) , and LINMAP (Srinivasan and Shocker 
1973) .
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2. Econometric methods such as ordinary least square -
OLS (Jain, Acito, Malhorta, and Mahajan, 1979) and 
minimizing sum of absolute errors - MSAE
(Srinivasan and Shocker, 1973) assume that the
dependent variable is intervally scaled.
3. Stochastic modeling methods such as LOGIT
(McFadden, 1976), PROBIT (Goldberger, 1964), and 
TOBIT (Doyle, 1977) which relate paired comparison 
data to a choice probability model.
The specific statistical technique to be employed in 
this study is rank-order logit, with the intercept term 
decomposed into k-1 separate intercept dummies to capture the 
intervals between k rating levels. While it may be a common 
practice to regress ratings against attribute levels via 
ordinary least square estimation, this procedure clearly 
violates the classical utility theory, and yields 
inconsistent and inefficient coefficients as well (Mackenzie, 
1990).
Assuming each respondent's rating are systematic and 
consistent, the ratings will provide at least as much 
information concerning the respondent preferences for 
attributes as ordinal rankings since they also provide some 
indication of magnitude of preferences. Respondents could 
then use equal ratings to indicate indifference between 
bundles. This estimation approach has the advantage that the 
estimation procedure produces global maximum likelihood 
estimates. For example, waterfowl hunting is a seasonal 
activity which takes place in late November to early February 
the following year. A waterfowl hunter's hunting trip in a
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particular season is a function of an available set of 
alternative attributes and characteristics which include 
total cost, travel time, hunting facilities, type of hunting 
sites, length of the hunting season, and the waterfowl bagged 
limit. A typical waterfowl hunter can then rank several 
hunting trips in terms of the available attributes and 
characteristic attributed to a specific hunting season.
Conjoint surveys, price is treated as an attribute of 
each alternative. In treating price as another attribute, 
the CJA minimizes the biases that can result in open-ended 
contingent valuation studies when respondents are presented 
with hypothetical scenarios and prices on non-market goods. 
Respondents are generally more comfortable providing 
qualitative rankings or ratings of attribute bundles which 
include prices, rather than dollar values of the same bundles 
without prices. Respondents are asked to rate each 
alternative on a rating scale, or to order alternatives in a 
rank orderly fashion. To estimate the parameters of the 
individual hunter's utility function, the rating is assigned 
each alternative which is then regressed on some function of 
product attributes when a metric scale is used. When only 
rankings are available, the utility function parameters may 
be estimated using rank-order logit model.
According to the rank order decomposition definition, 
the rank order decomposition process can be perceived in 
either of two complementary ways: (1) for a given number of
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rank ordered choice sets, the decomposition process leads to 
incremental independent choice observations and, hence, to 
decreased sampling variance of the parameter estimates, or 
(2) to reduce sampling costs, rank ordered choice sets can be 
obtained from independent decision makers. By using the 
decomposition process, sufficient independent unranked choice 
sets can be generated from the rank ordered choice set to 
yield a desired degree of precision in the resulting 
parameter estimates.
Objective 3
Given the multiattribute nature of the wetland-based 
recreation activities, conjoint measurement method could 
become a particularly attractive approach applied to 
researchers and resource managers. This method permits 
determination of the hunter's part-worth utilities for 
different hunting attributes and their levels. Objective 
three explores the advantages and disadvantages both 
conceptually and analytically in employing CJA to evaluate 
the wetland-based recreation experiences. In addition, this 
section of the study will identify and critically analyze 
differences between the CJA method and other valuation 
techniques appropriate to environmental attributes relating 
to wetlands, including WTP, TCM, CVM, and the hedonic price 
approach. Strengths and weaknesses of these comparisons will 
be reported in the study.
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Objective 4
Objective 4 involves identification of policy 
implications appropriate to waterfowl hunting experiences 
that arise from this research. Policy implications will be 
evaluated in terms of their potential for preservation of 
wetlands for recreation activity and better management of the 
waterfowl population. Using information from this research, 
the Louisiana Department of Wildlife and Fisheries may be 
better able to assist landowners in determining whether land 
they are considering for leasing possesses the attributes 
that waterfowl hunters in their area desire. Information 
provided by the research may also be helpful in assessing the 
economic impact waterfowl hunters contribute to the state's 
economy.
Organization of the Dissertation
This dissertation is organized in six chapters. Chapter 
II presents a theoretical review and evaluation of wetland 
valuation techniques, indicating strengths and weaknesses of 
the techniques. Chapter III presents an extensive review of 
conjoint analysis theory and its application in marketing, 
including the multiattribute theory of conjoint analysis. 
Chapter IV presents a theoretical case study of conjoint 
analysis of the demand for a Louisiana waterfowl hunting 
experience. Included in Chapter IV is a discussion of 
waterfowl hunting in Louisiana, and the theoretical
specification of the valuation model. Chapter V presents the 
empirical analysis of CJA, including a discussion of the data 
collection procedures, statistical procedures, and results. 
Chapter VI presents a comparison of CJA with other 
traditional resource valuation techniques and concludes and 
summarizes the study by offering policy implications for use 
in wetland-based waterfowl recreation activities.
CHAPTER II
ECONOMIC VALUATION TECHNIQUES FOR WETLAND RESOURCES
A common approach in valuing wetland based functions has 
been the measurement of willingness to pay (WTP) of the 
consumers (McConnell and Strand, 1983; McConnell and Strand, 
1981; Bishop and Heberlein, 1979). The WTP measurement can 
be criticized as a relatively narrow, economic measure of 
value that often does not do justice to the broad costs and 
benefits that may be associated with a public good. Based on 
the theory of attitudes and behavior of individuals, the 
psychological value of any good, whether traded in the 
marketplace or not, is influenced by factors that differ 
greatly from the factors associated with WTP or willingness 
to accept (WTA).
The WTP measurement valuing wetland services implies 
that individuals are best able to make judgments about 
wetlands quality and that they can make the best decisions 
about the effects of wetlands preservation on their own 
benefit. When the effects of wetlands losses are less known 
by the general public, this is a questionable assumption. 
There are two generally accepted methods for determining WTP: 
the travel cost method (TCM) and contingent valuation method 
(CVM) . The preference of one method over another has been in 
part determined by the attributes of the wetland area and its
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particular use. In spite of criticism, WTP is the accepted 
economic reflection of value (Shabman and Batie, 1988) .
The following sections review and critique recognized 
economic valuation techniques which have or can be used in 
the valuation of wetlands or wetland functions. The 
techniques reviewed include the travel cost method, the 
contingent valuation method, the hedonic travel cost method, 
and the marginal value product technique. In addition, other 
methods proposed for the valuation of wetlands, such as the 
energy value approach, and conjoint analysis, are reviewed 
and critiqued.
Travel Cost Method
The travel cost method (TCM) is the standard model 
employed in the recreation demand literature and has been 
employed to evaluate wetland recreation functions. This 
method assumes that the decision on the number of trips to a 
recreation site in a given period is determined at the 
beginning of the period. The travel cost method uses the 
costs of travel and the value of travel time as a proxy for 
WTP. The method further assumes that recreationists react to 
increases in travel expenditures as they do to increases in 
admission fees. Distance or travel time then acts as a 
barrier for different users.
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The basic TCM can be modeled as the maximization of 
utility of consuming trips and other goods subject to 
available income. A demand function for visits to a
particular site can be derived and takes the form
X = f(P, Y, z*) [2.1]
where X is the total number of visits by the recreationist to 
a specific site, P is a vector of prices including travel
costs to the site, Y is income, and z* is the value of travel
time. The value of travel time is some function of the wage 
rate (Bockstael, Strand, and Hanemann, 1987). The demand 
function for a single-site model is estimated on the number 
of visits and travel cost to the site.
TCM has been extensively used to derive a demand curve 
for recreational goods. The technique was initially proposed 
by Hotelling (Stoll, 1990) as an approach to estimating the 
demand for a recreation site. The technique was subsequently 
improved upon by Clawson (1959) and since then it has been 
refined by other researchers (Burt and Brewer, 1971, Dwyer, 
Kelly, and Bowes, 1979 and Vincent, Moore and Hansen, 1986). 
The TCM employed travel cost as a proxy for nonexistent 
market price (Clawson and Knetsch 1966; Kentsch 1963).
TCM estimates WTP indirectly. TCM is theoretically as 
well as empirically attractive because it is based on actual 
behavior of recreationists as they adjust to real economic
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variables. According to the TCM, as distance to a recreation 
site increases, the number of visits to the particular site 
will decrease while cost will increase. Distance traveled, 
the travel costs and the recreation site are positively 
correlated in the TCM. A site demand curve and sufficient 
variation in travel cost expenditures is obtained by 
differentiating between users having origins at different 
distances from the designated site. The farther away the 
users of the recreation site live, the less is their expected 
demand for the site. Users who live close by would be 
expected to demand more of the site because its implicit 
price, as measured by travel costs, is lower than for users 
living farther away from the site. In terms of consumer's 
surplus, the user farther away from the site with the highest 
travel cost is assumed to have the lower consumer's surplus. 
Likewise, those who live closer and have lower travel costs 
will have larger consumer's surplus.
Costanza and Farber (1985) used a TCM analysis to 
estimate WTP for wetland recreation in Terrebonne Parish, 
Louisiana. TCM was applied by defining five concentric rings 
representing distinct zonal rings of travel distances for 
recreationists. Using the TCM, an estimated annual WTP of 
$2,153,000 (1985 dollars) was determined.
Farber (1988) employed the TCM in valuing coastal 
wetlands for recreation in Louisiana, estimating the value of 
recreation travel time to be approximately 10 percent of the
wage rate. The estimated consumer surplus from Farber1s 
study provides a better marginal valuation of the 
recreational value compared to Goldstein. However, the value 
of travel time used in calculating the full price of a trip 
is very controversial. Cesario (1976) suggested that the 
value of time travel with respect to nonwork travel should be 
between one-quarter and one-half of the wage rate. However, 
labor market rigidities distort the true valuation of trade­
off time between travel and recreation site at an hourly wage 
rate. This valuation has no impact on recreationists who are 
on fixed salary.
A further study by Farber and Costanza (1987) used the 
TCM to estimate the WTP to valuation of three primary 
contributions of wetlands in their study area: commercial
fishing and trapping, recreation, and storm wind damage 
protection. To calculate the time costs of travel, they 
employed the average total hourly wage rate of $26.90 of the 
user group. Differences in estimating the value of travel 
time reinforces the lack of consensus regarding estimation of 
the opportunity cost of time. This in turn potentially has 
a great impact on the changes in magnitude of the consumer 
surplus. Because of this difference, little is known based 
on this study about the order of magnitude of value for one 
entire wetland system.
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Hufschmidt el at. (1983) suggested that we should be 
aware of two problems in applying the TCM: (l) since the
results are a function of the current distribution of income 
and if current distribution is not equitable, then the 
results should be used with great care especially for those 
areas with a very skewed distribution of income, and (2) the 
benefit calculated must be considered as a minimum estimate 
of total benefits derived from a recreational facility under 
the assumptions used in the analysis. Other values 
associated with the site-specific recreation experience may 
not be captured in the analysis.
However, several weaknesses govern the applicability of 
the TCM in measuring the values and attributes associated 
with wetlands, including recreational uses. A variety of 
issues have been raised including data truncation problems 
and heteroskedasticity. First, the TCM is applicable to 
specific sites and often is impossible to use for evaluating 
specific components or characteristics of a site. The method 
is limited because trips with multi-destinations cannot be 
measured, it does not measure consumer surplus directly, and 
it cannot evaluate specific components of a wetland 
recreation experience, such as fishing (Vincent, Moser, and 
Hansen, 1986). The model works best when the recreationist 
visits only one site during his trip (Sorg and Loomis, 1985). 
Second, the TCM cannot be applied to unique recreation sites
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without reservation, for example, the Grand Canyon or to 
sites which are located in urban areas.
Problems also arise because the observed willingness to 
travel distribution is truncated, which causes the weak 
complementary assumption to be violated. Weak
complementarity is a maintained feature of a person’s 
preferences (Green, 1978). It is based on the assumption 
that a commodity will only be valued if some other privately 
marketed good is consumed. The assumption implies that if 
travel costs to a site are small, then marginal valuations 
for use of the sites are small as well. However the fact 
that travel costs to the site are minimal for the majority of 
recreationists does not imply that marginal valuations for 
the use of the site are small as well. Total WTP for use of 
the site, above and beyond actual costs, may be substantially 
large. Therefore, TCM may underestimate this total WTP 
because of the violation of the weak complementarily 
assumption (Titre, Jr. et al. 1988).
Another weakness of the TCM involves the jointness of 
activities such as recreation. For example, when a 
recreationist visits two sites on a single recreation trip, 
the method by which the trip cost should be divided between 
the two sites remains unclear. More generally, recreation 
trips may yield utility beyond that derived at the recreation 
site itself, so that total trip expenditures may over 
estimate the true value of the site.
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The availability of substitute recreation site will mask 
the true value of the demand curve if substitute recreation 
sites are not considered when estimating the demand curve. 
Xn addition, when the visitor enjoys a scenic drive to the 
site, how much of the travel time should be considered a cost 
of visiting the site remains unresolved.
The value of a nonmarket commodity is estimated from the 
area under the demand curve when the TCM is employed. This 
area is the consumer's surplus, or WTP for the commodity. 
Using the consumer's surplus measurement raises two important 
issues. First, the results of this approach are not directly 
comparable with other monetary measures, which often exclude 
consumer's surplus. Second, the estimates of value derived 
from the analysis are site-specific. Hence, an estimate of 
x dollars per recreationist per year of consumer's surplus 
applies only to particular site and not to the sites in 
general.
Contingent Valuation Method
The weaknesses and application limitations in TCM gave 
rise to the contingent valuation method (CVM). The CVM 
involves asking people, in survey or experimental settings, 
to reveal their personal valuation about the value they would 
place on nonmarketed goods if the market exists or if other 
vehicle of payment such as taxes were in effect. Therefore
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contingent valuation relies upon individual responses to 
contingent circumstances posted in an artificially structured 
market (Stoll, 1983).
Contingent markets are highly structured, confronting 
respondents with a well-defined market designed to extract an 
incidental choice contingent upon the occurrence of the given 
situation. The (CVM) establishes WTP by developing a 
hypothetical market for recreation. In this hypothetical 
market, recreationists respond to changes in price and 
availability of resources. Contingent valuation further 
assumes that the consumer can assign an accurate WTP value to 
their recreation experience that can be directly elicited in 
response to the questionnaires.
The contingent valuation technique encompasses iterative 
and noniterative bidding approaches to estimate the maximum 
WTP. CVM has evolved along two paths, each with benefits and 
limitations. The open-ended approach obtains direct 
hypothetical bids from respondents regarding their WTP, or 
willingness to accept compensation (WTAC), for discrete 
changes in an environmental amenity. The hypothetical bids 
are identified as compensating variation (CV) or equivalent 
variation (EV) in welfare measurements. The compensating 
variation measure of welfare change indicates what 
compensating payment or change in income necessary to make an 
individual indifferent between an original situation and one 
with a different price structure. The CV measure can be
theoretically interpreted as the maximum amount that an 
individual would be willing to pay in order to consume under 
the new price regime. In this case, the individual is no 
worse off with the change as without it. The EV measure is 
the income change equivalent to the welfare gain due to a 
price change for an individual. In cases of a decrease in 
service quantity or an increase in price, the EV is the 
maximum lump sum payment that must be received by the 
individual, or the maximum amount the individual would be 
willing to pay to avoid price changes (Freeman, 1979).
The closed-ended approach presents respondents with yes- 
no referendum questions in which both the WTP or WTAC, as 
well as the associated amenity changes, are well specified. 
CVM estimates reflect hypothetical transactions, since the 
technique employs personal interviews and mail surveys to ask 
individual about their WTP before they refuse to recreate at 
the site in question. This is a direct estimation of the 
WTP. A major advantage of CVM is that a contingent market 
can be designated wherein individuals directly state measures 
of WTP. All other available techniques used in estimating 
nonmarket commodities and services require linkages to actual 
market transactions. For example, the TCM uses market 
expenditures for traveling and other trip-related expenses to 
infer a demand function for recreation. In CVM, this linkage 
to market transactions is not required.
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CVM has gained widespread acceptance as an alternative 
technique for valuing nonmarket commodities (Brookshire et 
al- 1982; Sellar, Chavas, and Stoll, 1986). Titre et al. 
(1988) used a CVM analysis for valuing wetland recreation in 
seven parishes in south Louisiana. This study estimated a 
WTP value of between $327 and $3 60 per recreation user per 
year. Thorough evaluations of this technique are contained 
in Cummings, Brookshire, and Schulze (1986) and Mitchell and 
Carson (1989).
However, users of the technique should to be aware of 
issues concerning the validity and limitations of CVM. The 
question of validity arises at two levels. First, CVM may 
not provide accurate measurement if the data gathering and 
subsequent analysis are not adequately designed and performed 
even if the technique itself is theoretically sound. Second, 
if the technique itself has inherent weakness, even the most 
carefully planned studies will not produce accurate 
measurement (Bishop, Heberlein and Kealy, 1983).
Many economists question the willingness and ability of 
people to respond in ways that reflect their true behavior in 
a well-functioning market, and the ability of people to state 
the accurate dollar values for nonmarket commodities. One 
explanation for this inaccuracy in stating the true dollar 
values for nonmarket commodities is that respondents simply 
do not know their true values. in actual markets, 
respondents have the opportunity to engage in repeated
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transactions over time, have the opportunities to explore the 
availability of substitutes and complements, and may consult 
with friends, household members, and experts. All these 
experiences and information are impossible to attain in a 
brief questionnaire.
CVM results appear to be quite sensitive to proper 
design and administration of contingent markets. For 
example, nonconsumptive users of natural resources may expect 
compensation for degradation of natural systems, suggesting 
the need for a WTA framework rather than WTP. The 
possibility of structural elements may also influence 
respondent behavior where the respondents may intentionally 
misinform researchers in order to better their welfare 
position. Asking respondents what they will do or pay in a 
hypothetical situation is not the same as confronting them 
with a recognized and well-understood market and observing 
what they actually pay. Potential sources of bias in CVM 
includes strategic behavior, payment vehicle influence, 
impact of free-riders, sampling, interview, or non-respondent 
bias, and information effects (Schulze, d'Arge, and 
Brookshire 1981). Advantages gained through use of the 
closed-ended approach are achieved by sacrificing 
informational efficiency, since only yes-no responses are 
obtained instead of actual bids. The open-ended approach is 
vulnerable to several bias problems associated with the 
payment vehicle and information provided by the respondents.
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However, one weakness stands out: value estimates obtained 
with the CVM approach are obtained in response to 
hypothetical circumstances. On the other hand, the value 
estimates from TCM are derived from revealed behavior in a 
given set of restricted assumptions.
Hedonic Travel Cost Method and Hedonic Price Method
The hedonic travel cost model (HTCM) developed by Brown, 
Jr. and Mendelsohn (1984) is derived from Rosen's general 
hedonic pricing method (1984). The model is based on the 
assumption that attributes such as quality of a site are 
goods that can be bought in greater quantity by paying more 
(i.e, traveling further) for them. It requires all levels of 
quality to be higher the further the sites visited and, as 
such, HTCM models quality as an argument in the hedonic trip 
price function.
Like the general hedonic price model, the prices of 
attributes are estimated by regressing travel costs on the 
bundles of "characteristics" associated with each of several 
potential destination sites (Brown, Jr. and Mendelsohn, 
1984). The inverse demand functions for the characteristics 
are then derived. These are estimated by regressing the 
implicit prices against the observed levels of quality 
bought, income and the number of trips taken. The demand 
functions are interpreted as the marginal willingness to pay 
per time period for an increase in the level of quality.
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In principle, this technique can analyze the total 
expenditures made by persons for a bundle of wetland 
services. The marginal contribution of the wetland service 
level to total expenditure is then derived. In functional 
notation, an analysis of recreational waterfowl hunting 
expenditures might be expressed as follows:
RE EXPEN = exp (Cn , 0n) [2.2]
where
RE EXPEN = recreational expenditure by person for 
waterfowl hunting 
CR = success of catch (catch per hour or per 
day) of waterfowl hunter n 
On = other factors and characteristics
contributing to total expenditure for 
waterfowl hunting
It is necessary to establish the linkages between waterfowl 
hunting success rates and a wetland area being valued 
(equation 2.2) to determine how expenditures change with 
small changes in success of catch.
The HTCM is an attempt to utilize insights from the 
housing market, where the market insures that attributes 
which are valued are priced at the margin. It is possible to 
estimate a demand for the characteristics of a public good by 
observing the preferences of an individual who confront 
different opportunity costs in purchasing the public good 
(Brown, Jr., and Mendelsohn, 1984). The HTCM focuses on 
valuing the separate characteristics or components of a 
wetland based experience consumed. In terms of a wetland 
recreation experience, or each visit to a site, a
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recreationist purchases the bundle of characteristics at that 
site. In addition, it is highly unlikely that all levels of 
amenities will be higher at more distant sites. Since 
quality is not a good that can be purchased in the market by 
driving further, (sites are located by nature, not market), 
the HTCM fails to produce a downward sloping demand function.
In contrast, the traditional TCM focuses on valuing a 
specific bundle (site). However, it is the site (specific 
bundles of characteristics) not the characteristics of those 
sites, which is valued. For example, the TCM can measure the 
value of Louisiana's great inland swamp, the Atchafalaya 
Basin, while the HTCM method focuses on valuing scenic 
quality, congestion, or other components of the experience. 
Thus, the HTCM attempts to derive the value consumers place 
on a specific site or activity through their revealed 
preferences. By observing how much further individuals 
travel to reach better quality sites, it is possible to 
estimate a price for quality and the marginal cost of 
obtaining individual site characteristics. This price is 
specific to each residential location - people who live 
closer to "better" sites face lower prices (Brown, Jr., and 
Mendelsohn 1984). It is possible to estimate a demand curve 
for the average quality per trip by comparing the 
recreationist's behavior confronted with low versus high 
prices.
Brown, Jr. and Mendelsohn (1984) employed the HTCM to 
extract the value recreationists place on public lands 
through their revealed preferences. The authors analyze a 
sample survey of about 5,500 randomly selected licensed 
fishermen in Washington to estimate a price for quality. 
Assuming the value of travel time is 30 percent of wages and 
travel costs about $0.10 per mile, the authors estimated the 
catch per ten days has an average price of $4.80 per trip or 
$110 per season. Another finding in the Brown, Jr. and 
Mendelsohn study is that the demand functions for all 
characteristics are price sensitive. Average prices 
consequently yield poor measures of the value of significant 
changes in site attributes.
Shabman and Bertelsen (1979) employed the related 
hedonic price approach in estimating development value of 
Virginia Beach. It was hypothesized that wetlands provide 
waterfront location services which are of market value for 
both commercial and residential users. Existing land markets 
will, in that case, tend to favor conversion of natural 
wetlands to development uses without recognition of the 
opportunity cost of natural wetland service forgone. 
Therefore, if the economic value of natural wetland services 
forgone from development could be accurately and completely 
estimated, a social net benefits criterion would be developed 
in making permit decisions.
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Geoffrey and Stevens (1983) employed the property value 
technique to estimate the economic value of wetlands and open 
space between residential areas and shorelines for nine areas 
in Western Massachusetts. The analysis, using principal 
component regression, showed highly variable results in terms 
of the location rent due to wetland and wetland adjacent open 
space. The authors conclude that the property value 
technique, by itself, may be inappropriate for valuation of 
nonunique wetland resources.
In general, the hedonic framework produces a price 
function specific to one origin only (i.e., one city) and is 
conditioned on the socio-demographic characteristics and the 
array of sites and quality characteristics relevant to that 
population (Brown, Jr. and Mendelsohn, 1984) . The values
generated reflect only the marginal values of characteristics 
and are not feasible for discrete changes in quality 
characteristics that change the configuration of the cost 
function.
There are also several problems and conceptual 
difficulties associated with the hedonic travel cost 
paradigm. There is no market which intervenes between buyers 
and sellers in the often used recreational framework, as 
there is in the housing market. The relationship between 
travel costs and the level of quality characteristics 
obtainable in the recreational framework is determined by 
nature and not by the market. Another criticism arises in
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regard to the estimated demand equation in the second stage 
of the hedonic travel cost method that relates price of 
acquiring the quality characteristics with the level of the 
quality characteristic. If the good is a one-time purchase, 
as in housing, this treatment of quality makes some sense 
(Smith and Kaoru, 1987). There is also the question of the 
appropriate measurement to account for several trips taken in 
recreation problem.
Marginal Value Product
The marginal value product (MVP) technique provides an 
average value for an acre of wetland habitat by estimating 
the change in total revenue associated with a change in
acreage. Marginal values are estimated as a value for the 
services related to an acre of wetland, such as value of 
shrimp harvest per acre of wetland. For example, to measure 
reduction in shrimpers' total revenue caused by wetland loss, 
the estimated reduction in shrimp harvest caused by wetland 
loss would be multiplied by the marginal value (price) of 
shrimp. Therefore, MVP values (the dollar value per acre) 
are determined by multiplying the marginal product by the
price per pound of the catch.
Batie and Wilson (1978) estimated a MVP for oyster
production in Virginia's coastal wetland. The authors 
estimated the MVP accruing to society from the wetland's 
contributions to Virginia's oyster production. A physical
38
production function relating to Virginia's oyster harvest, 
the actual number of acres leased for harvest, and salinity 
is estimated first. This oyster yield function is then used 
to derive the MVP where the input variable is wetlands 
acreage. For the 17 counties considered, the MVP ranged from 
$1.13 to $141.46 per acre. The range in MVP for the counties 
is caused by the variation in the quantity of wetland, 
salinity of the waters and other variables in the production 
regression equation.
Farber (1987) estimated a storm wind damage function 
for the Louisiana gulf coast, where inland distance of a 
location and wetlands traversed by a hurricane were among the 
independent variables. The marginal per capita value of 
wetlands were then employed in valuing the wind damage 
effects of coastal recreation in Louisiana.
Lynne, Conroy, and Prochasta (1981) valued marsh 
contribution to the blue crab industry in Florida. They 
estimated a present value of three dollars for a marginal 
marsh acre. They concluded that biological research efforts 
cannot currently explain in any quantitative sense the 
relationship of fishery output response to the marsh 
availability at the margin.
Bell (1987) conducted a comprehensive study on wetland- 
based activities for commercial and recreational marine 
fishing industries of Florida using the marginal productivity 
theory approach. This related approach looks at the
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incremental contribution of estuarine wetlands to marine 
fishery catch based on people's willingness to pay for the 
fishery product. According to Bell, estuarine wetlands are 
ecologically linked to approximately 80 percent of the total 
weight of fish landed by recreational fishermen and about 92 
percent of the value of Florida's commercial catch. The long 
run marginal products in Bell's study derived from the 
estimated production function varied from 0.182 pounds of 
stone crab to 12.41 pounds of black mullet for an acre of 
salt marsh. The output elasticity for salt marsh varied from
0.064 for blue crabs to 0.323 for black mullets. This 
measures the percentage change in catch impacted by a 
percentage change in salt marsh (e.g. a 10 percent increase 
in salt marsh acreage will increase black mullet catch by 
3.23 percent).
There are limitations in employing the MVP technique in 
valuing wetland based functions. The prices used to value 
MVP are biased downward and the assumption that the 
production function is homogeneous leading to non-exhaustion 
of the product is hypothetical. Further research is 
necessary in order to link wetlands that are of critical 
importance to the marine catch. The assumption that the 
whole market value of the fishery is attributable to wetlands 
implies that the market price of fish products does not bear 
any relation to the labor and capital costs of fish 
harvesting and processing. It implies that the value of
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these resources in the fishing industry is zero, and that if 
the fishery were to cease to exist, there would be no market 
value for the human and capital resources used in commercial 
fishing.
Other Approaches
Energy Analysis
The energy analysis (EA) method of establishing the 
social value of a wetland system is another alternative to 
WTP methods. Stated in its most simple terms, EA is a fixed 
relationship between energy embodied in a product and its 
market price. The technique focuses on input and output 
relationships within the natural systems, rather than human 
demand for natural system products (Costanza and Farber, 
1984). Therefore, determining the energy embodied in any 
product permits the researcher to convert such an energy 
measurement to monetary values by employing a conversion 
factor that relates money prices to energy (Gosselink, Odum, 
and Pope, 1974). In addition, this technique provides a 
comprehensive upper bound on the economic value of the 
product but excludes values not related to the physical 
productivity of the system, such as option and existence 
values. According to Costanza and Farber (1984) this 
relationship is still a controversial research topic. Much 
of the supporting data for the EA approach to resource
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valuation comes from ecological studies of energy and 
material flows in the natural system.
The basic assumptions and hypotheses of the energy 
theory approach are outlined by Costanza (1984):
1. Energy from sunlight is the only significant net 
input to the biosphere. When the system of 
interest is the whole biosphere, the traditional 
"primary" factors of economics (land, labor, and 
capital) are not primary. Laborers, capital, fresh 
water, and even land require free energy for their 
production and maintenance, while free energy from 
the sun is essential to the operation of the 
biosphere and must be provided from the outside.
2. This allows an "energy accounting" to be performed 
with free energy from the sun as the only primary 
resource. This allows a valuation of all the 
commodities in the system in terms of their energy 
contained.
3. Wants and needs are not viewed as static and 
exogenous, but subject to change in response to 
both biological and cultural evolutionary pressure. 
Essentially, "consumers" are treated identically 
with "producers", in that they "produce" labor 
services, which are required as input to other 
sectors, and consume the inputs necessary to 
maintain this production.
4. In a "perfect" market, preferences will adjust in 
such a way that maximizing the energy embodied in 
the net system output and maximizing subjective 
utility are the same.
Using this approach, attempt have been made to develop 
values of benefit flows. For example, Gosselink el at. , 1974 
identified four groups of benefits for which dollar values of 
social values were developed:
42
a. by-product production (commercial and sport 
fisheries),
b. potential for aquaculture development,
c. sewage waste assimilation, and
d. total "life support."
Monetary values for commercial fisheries and aquaculture were 
based on product value. Waste assimilation values were based 
on costs of conventional tertiary treatment. The value of 
"total life support" was estimated from a study of energy 
input-output value in the general U.S. economy. The per-acre 
capitalized benefit values reported were: by-product
production $2,000; aquaculture, $7,000; waste assimilation, 
$50,000; and total life support, $83,000 (Foster, 1978).
Considerable criticism has been directed to the EA 
approach. Shabman and Batie (1978) criticized that the 
biological approach "implies that the ultimate objective of 
society is to maximize net energy". Energy-based prices 
suggest that all goods and services, as well as inputs such 
as labor, machinery, and raw materials are merely transferred 
energy. Since prices are not just a function of energy 
content, it is not convincing to link prices and energy 
together. For example, Huettner (1976) found that only if 
maximum net energy were the goal of an economic system would 
the prices of all goods be determined by their energy 
content. However, if the maximum net energy is not the goal
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of the economic system, then prices must reflect other 
factors instead of the energy content of the goods.
Widespread acceptance of this technique, especially by 
economists, has not been achieved. The EA approach tends to 
overestimate the value of wetlands and neglect other economic 
factors (such as labor) of wetland products. On the other 
hand, the WTP approach arguably tends to underestimate the 
value of wetlands, especially in situations where the general 
public is not aware of the potential functions and uses of 
wetlands.
Complicating this analysis is the fact that the role 
of wetlands as an ecosystem has not been fully understood. 
Walker (1973) and Titre, Jr. et al, (1988) suggest that the 
dependence of important species on marshes is not well 
defined, as is the response of estuarine ecosystems to marsh 
production. Also, the dynamics of nutrient cycling is too 
poorly understood to predict the impact of wetland changes on 
overall estuarine water quality.
Shabman and Batie (1978) suggest that Gosselink1s value 
of sport and commercial fishing is obtained "by adding the 
annual dockside value of products landed to the annual value 
added in seafood process and total annual expenditures by 
saltwater fisherman, and then dividing by total acres of 
wetlands." The method assumes that marketable fish harvest 
is directly linked to wetland acreage, ignoring the fact that 
fish catch depends on both the fish population base and
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fishing effort. In addition, the calculation assumes that all 
wetland acres are equally productive of fish.
Based on this ecosystem method, Gosselink's study 
calculated an acre of marshlands at nearly $82,000 for the 
net energy value of the services it could provide. This sum 
of energy output values is conceptually weak according to 
Batie and Shabman because energy is not the only relevant 
constraint on production and consumption, rather value is 
often a function of scarcity. The study suggests that if 
every acre of wetland were filled, no fisheries would remain. 
Also, presumably the whole market value of the fishery is 
attributable to the wetlands. If the fishery ceased to 
exist, the production inputs could be shifted to other 
industry and differences in profit would indicate the 
economic loss. Overall, the net energy valuation method 
would badly distort market prices and only yield energy 
maximization.
Rating /  Ranking Analysis
Another alternative to the conventional dollar valuation 
of wetland services is the use of preference rating scales. 
In this valuation technique, people's preferences for 
specific wetland services are categorized by an ordinal 
ranking scale but are not converted into monetary valuer. 
Ordinal ranking scales describe relative values such as
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"best," "good," and "worse," or on a numerical scale of 3, 2, 
or 1 where 3 is more preferred to 2, and 2 is more preferred 
than 1.
There are models that employed rating or ranking systems 
for evaluating visual-cultural values attributed to wetlands. 
These include Lee's (1983) assessment of the visual 
preferences for Louisiana river landscapes and Smardon's 
(1983) evaluation of the state of the art in assessing 
wetland visual-cultural values. Visual-cultural benefits 
from wetlands are visually related directly to the complexity 
of the surrounding environment and communities and their 
degree of interspersion. From the perspective of ecological 
energetics, wetlands are visually and educationally unusually 
rich environments. A variety of wetland user groups, 
including recreationists, increasingly consider aesthetics to 
be one of the most valuable benefits of wetlands.
Ogawa and Male (1990) employed rating methods to 
estimate the flood mitigation potential of wetlands. The 
authors employed factors (for example wetland size, slope, 
location relative to damage areas, vegetative cover, and 
infiltration characteristics) that affect the flood control 
function of a wetland and can be easily measured at the 
wetland site or obtained from readily available maps. 
Although the rating method can provide numerical rating 
values, it is essentially qualitative. The rating values can 
be used only to compare the flood mitigation abilities of
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different wetlands and set a priority for protecting these 
wetlands. The authors conclude that the magnitude of the 
flood damage due to the alteration of a wetland cannot be 
determined numerically by the rating method and cannot 
measure the degree of wetland alteration that can be "safely" 
permitted.
Palmer (1983) used photos to ask survey respondents to 
rank 56 marsh and wooded landscapes according to their 
perceptions of scenic values. Hammitt (1983) provided 
visitors to the Cranberry Glades of West Virginia with photos 
asking them to indicate on a scale of 1 to 5 their visual 
preferences for views. These techniques seek to establish 
ordinal rankings of wetland aesthetic characteristics as 
perceived by wetland users rather than establishing monetary 
values. For example, wetland aesthetic characteristics might 
be ranked on a numerical scoring of 0 to 10, where 0 is 
extremely unattractive and 10 is extremely attractive. These 
rankings are then correlated with various wetland aesthetic 
characteristics, for example, form, slope, nature of 
shoreline, or number and types of vegetation which serve as 
measures of the worth of one wetland relative to another in 
providing aesthetic services.
However, according to Oviatt, Nixon, and Garber (1977), 
there was little if any correlation between visual aesthetic 
perceptions of wetlands and wetland's ecological 
characteristics. The authors concluded that ecological
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rating systems could not be used as proxies for visual 
aesthetic ratings. Ranking of wetland services is an ordinal 
ranking in which an individual can say that a score of 6 is 
better than a score of 3, however, it is incorrect to 
conclude that the 6 rated wetland is twice as valuable as the 
3 rated wetland. Therefore, it is invalid to convert ordinal 
ranking to a cardinal ranking. Attempts to link ratings to 
dollar values have not yielded conceptually valid measures of 
social wetland values.
Conjoint Analysis
An additional valuation technique is conjoint analysis 
(CJA) which has been applied in modeling consumer preferences 
for multiattributed alternatives (Green and Srinivisan, 1978; 
and Cattin and Wittink, 1982). Conjoint measurement embodies 
a sequence of tests used to ascertain whether an individual's 
rank order preferences can be characterized by a composition 
rule applied to a set of independent variables (Luce and 
Tukey 1964). The composition rule involves combining 
individual attributes to produce a judgment of relative value 
or utility. For example, an individual is presented with 
four products and is asked to evaluate the attributes of the 
products. The individual is then assumed to create some 
overall relative value or utility for each of the four 
products.
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CJA can be considered as an extension of the closed-end 
CVM approach. One of the key assumptions underlying the CJA 
method is that an individual's preference for a good can be 
decomposed into preference scores for components or 
characteristics of the good, which can be revealed through 
surveying individuals regarding their relative preferences 
for alternative attribute bundles. These responses can be 
quantified in terms of marginal rates of substitution between 
attributes (Mackenzie, 1990). By using different attributes 
and levels for different respondents, a larger number of 
attributes and levels can be included in the analysis without 
overwhelming the respondents. In this way, it is relatively 
easy to include alternatives for determining the consistency 
of a respondent's preference judgments in a CJA study.
An advantage of CJA is the possibility of obtaining 
information about the influence of an attribute on 
preferences, even when the existing goods available in the 
market do not vary on the attribute. Although CJA appears to 
be widely used and accepted in the marketing literature, 
there is little documented evidence on the validity of the 
applicability of CJA in estimating the values and benefits 
derived from wetland based functions.
A recent study by Mackenzie (1990) developed a CJA of 
waterfowl hunting in Delaware that addresses the composite 
nature of hunting and the valuation of recreational travel 
time directly. The author employed respondents' ratings of
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alternative hunting trip vignettes to impute values for 
different trip characteristics, including the opportunity 
cost of recreational travel time. Respondents are generally 
more comfortable in providing qualitative rankings or ratings 
of attribute bundles which include prices, rather than 
assigning a dollar value to the same bundles without prices. 
In treating price as another attribute, the CJA can minimize 
many of the biases that arise in open-ended contingent 
valuation studies when respondents are presented with the 
unacquainted and irrational task of assigning prices on 
nonmarket amenities. Halbrendt et al., (1991) employed the 
CJA to examine Mid-Atlantic consumer preferences toward farm- 
raised hybrid stripped bass at the wholesale, retail, and 
restaurant levels. The authors conclude that larger fish 
size was preferred by all markets and over 50 percent of the 
preference ratings of wholesalers and retailers were 
attributed to purchase price and form.
Problems in Valuation Techniques
Problems encountered in determining the social value of 
wetland services have focus on the nonmarket/intangible 
characteristic of the services which are not of equal 
productivity. Economists have developed numerous techniques 
and studies on measuring such values but none has agreed on 
a consensus satisfying solution and a sense of precision as 
other market goods, established by the interaction of supply
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and demand in the market place. In addition, proper 
application of wetland valuation techniques requires an 
understanding of the economic principles, the techniques 
employed and the biological, hydrological and ecological 
functions of wetlands.
Proposals for estimating the value of nonpriced 
commodities run the spectrum from the incredibly naive and 
invalid to the more conservative attempts to apply 
conventional analysis. The common error encountered involves 
double counting in estimating the correct value. The 
principal difficulty with the economic evaluation methods 
(Jaworski and Raphael, 1978) is the fact that the dollar 
values obtained, consisting mostly of market place values of 
wetland products and consumer expenditures associated with 
the use of wetland resources, are gross figures which are not 
readily allocable to specific wetland area.
Researchers often will engage in an enumeration of all 
expenditure incurred by a participant in an activity, 
inferring that these total expenditures are directly 
assignable as the "value" of the activity to the individual. 
For example, a researcher might aggregate the expenditure 
incurred by duck hunters (example, ammunition, lodging and 
food), divide this total by the number of ducks killed and 
calling the resulting statistic the value of a duck. 
However, the statistic employed in this technique is not the 
value of a duck shot. What the hunters have bought with
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these expenditures is not ducks, but the recreational 
experience in duck hunting. Therefore the relevant measure 
of the value of recreational benefits derived from wetland 
(in this case of the duck hunter) is the amount the 
recreationists are WTP, i.e., the amount that the hunters are 
WTP after incurring all other expenses associated with the 
hunting experience.
The effect of relative scarcity is a major concern in 
valuing wetland services. The same acre of wetland that 
generates the same amount of services will have different 
values in different regions according to the relative 
scarcity of the similar acre of wetland in that region. 
Researchers have not been successful in adjusting a model 
developed in one region for a different relative scarcity of 
wetlands to another region.
Information is another problem encountered by 
researchers in valuing wetland services, particularly with 
nonmarket valuation techniques, such as contingent valuation. 
It is difficult to determine the amount of desirable 
information needed to value wetland services, accurately, 
especially for complex bioeconomic linkages. If physical 
scientists who are expert in these relationships barely 
understand them, how can economists expect the general 
society to understand them without providing them with 
additional information?
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Finally, the issue of irreversibility of wetland 
destruction must be considered. The relevant valuation 
question is how to account for possible relative increases in 
public appreciation of wetland benefits over time when making 
a decision today. If current tradeoff conditions support 
wetland destruction, destruction may still be a mistake if 
the future is to be considered.
Evaluation of Results
Based on the techniques reviewed {WTP, TCM, CVM, HTCM, 
EA, MVP, ranking system, and CJA), those attempting to 
identify the "most" appropriate method for valuing wetland 
based functions reach a general conclusion that no single 
technique is conceptually or empirically superior for use in 
valuing wetland based functions. No single technique can be 
generalized for application due to the differing productivity 
of wetland areas and the site-specific nature of the demand 
for wetland services. As a result, the weaknesses of the 
valuation techniques often rest with the users who are 
unfamiliar with correct application of valuation concepts and 
the failure to establish linkages from wetland services to 
specific wetland areas. A second, general conclusion that 
can be drawn from this review is the lack of understanding of 
the relationship between the economical, biological, 
hydrological and ecological functioning of specific wetlands 
among users of the valuation techniques.
Summary
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Wetland-based products and services are not traded in 
the market. The lack of market values does not mean that 
these wetland-based goods and services do not have economic 
value; it means that there is no systematic and consensus 
outlet for the society to express their true WTP for such 
goods and services. Shabman and Batie, (1988) in review of 
the literature on socioeconomic values of wetlands, concluded 
that:
the literature search ... found relatively few articles 
which provide estimates of the value of wetlands. Of 
those articles, a small number employ conceptually valid 
approaches to valuation. This can be attributed to 
inadequate data and poorly documented linkages between 
wetland areas and wetland services in scientific 
literature.
Therefore, it is not possible to express in unambiguous terms 
the monetary value of benefits and detriments associated with 
the altering of wetland based functions.
Although few acceptable wetland valuation techniques 
were identified, certain techniques should be considered as 
suitable approaches to valuing wetland areas and services. 
For example, CJA, a relatively new technique in resource 
management, can be used in valuing wetland services with well 
defined assumptions and constraints. The following chapter 
presents an extensive discussion of conjoint analysis theory, 
conjoint measurement in the marketing literature, and various 
conjoint analysis estimation techniques.
CHAPTER III
CONJOINT ANALYSIS MODELS FOR RESEARCH IN MULTIATTRIBUTE 
DECISION MAKING: AN OVERVIEW OF ISSUES, THEORY, 
MEASUREMENT, AND RELEVANT RESEARCH
One of the most enticing problems in decision theory is 
how individuals make decisions involving multidimensional 
alternatives. The study of decision making is, in large 
part, the study of human behavior. Thus, decision making can 
be characterized as a major characteristic of individual 
buyer behavior. Family and institutional buying behavior are 
also influenced by different types of group decision making 
processes. For example, whether consumers make decisions 
about buying a house, choosing a vacation, or a job, the 
decision processes typically involves more than one 
alternative. Therefore, the study of human behavior benefits 
from a broader knowledge and understanding of decision making 
processes involving multidimensional alternatives. This 
chapter presents a review of multiattribute CJA theory, and 
overview of CJA applications, and CJA's foundation in the 
marketing literature. In addition, this chapter summarizes 
some of the common algorithms, estimation techniques, and 
alternative procedures used in applying CJA.
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Multiattribute Alternative Decision-Making Process
Many of the theoretical and empirical studies of 
consumer behavior have focused on decision processes
involving alternatives based on a single central theme such 
as economic motives or the reduction of risk (Howard and 
Sheth, 1969; Nicosia, 1966). Increasingly, however, 
researchers acknowledge the fact that consumer behavior is 
influenced by a host of factors that are psychological, 
social, and/or economic which are multidimensional in nature. 
Decision processes are therefore inherently multidimensional. 
For example, customers differentiate and evaluate stores and 
brands with respect to many alternatives and different types 
of attributes. Recent studies on modeling executive
decision-making processes acknowledge that organizational as 
well as institutional decision making, like consumer choice, 
involves complex multidimensional goals with competing and 
conflicting objectives. This decision process cannot be 
defined by a single objective function such as cost 
minimization or profit maximization. Therefore, it is not 
surprising that current studies of consumer behavior
emphasize the importance of multiattribute alternative 
problems in decision theory (Lutz and Bettman, 1977).
Economists who have contributed to multiattribute 
decision making include Arrow (1951), who explored problems 
in group choice and social values, and Koopmans (1964), who 
studied problems in time-dependent utilities. Quandt and
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Baumol (1966) addressed the theory of attribute space in the 
context of transportation economics. However, it has been 
the applied statisticians, mathematical psychologists, and 
psychometricians who have contributed the most to the subject 
of mulitiattribute decision making problems in recent years.
Another source of contributions to multiattribute 
decision making problems is represented by the works of 
various scholars, Debreu (1960), Luce (1959), Tversky (1967 
and 1969), Krantz et al. (1971), and Krantz and Tversky 
(1971), who are interested in conjoint measurement theory. 
This reflects the nature of decision makers who were becoming 
more knowledgeable about the complexity of available 
alternatives in a given framework such as consumer choice, 
managerial decision making, or public policy formulation. 
Therefore, economists recognized the importance of developing 
both techniques and a need to estimate what value might 
accrue from an analytical approach to problems arising from 
consumer decisions that are characterized by alternatives 
that can be typified as multiattribute or by a decision 
consequence characterized as multioutcome.
Researchers in marketing have addressed multiattribute 
choice problems in numerous marketing cases (Green and 
Carmone, 1970; Green, 1974; Jain and Malhotra, 1979). There 
are three categories of multiattribute decision making models 
that found wide application in the marketing literature in 
the early 70s, the Fishbein model (Antola, 1975; Ryan and
Bonfield, 1975), the Rosenberg model (Raju, Bhagat and Sheth, 
1975; Mazis et al., 1975; Nakanishi and Bettman, 1974), and 
a category including several models that can be evaluated 
under the intuitive approach. Fishbein's model draws from 
the behavioralistic learning theory of attitude formation and 
change that is observed as the multiplicative summation of 
noticeable inferences about an object, weighted by the value 
of those inferences (Antola, 1975; Ryan and Bonfield, 1975). 
Rosenberg's model employed the framework of consistency 
theory in resolving initial attitude formation. The third 
category of multiattribute models in marketing involves a 
combination of measurement procedures and several different 
model formulations. For example, this third approach might 
be expressed as:
A = f(B, I) [3.1]
where A is a measurement of attitude or preference toward a 
specific object, B is a measure of a consumer's perception 
regarding the brand's possession of different types of 
attributes; and I is the prominence of the attributes. An 
intuitive technique thus stated has no solid disciplinary 
theoretical and empirical foundation. Wilkie and Pessemier's 
(1973) marketing research studies employing multiattribute 
models have relied on this intuitive approach. Another 
intuitive approach utilizes different choice rules where 
each choice is processed and evaluated as a whole and a
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choice is then made based on these overall evaluations. 
Different choice rules will yield a different overall 
evaluation for each alternative, depending on the nature of 
the problem being evaluated (Green, 1974; Luce, 1959; Howard 
and Sheth, 1969).
In summary, for at least a decade now, the Fishbein and 
Rosenberg models have served as the major modeling approach 
for consumer preferences involving multiattribute 
alternatives. However, an additional method, conjoint 
analysis (CJA), demonstrates evidence as a practical method 
for predicting consumer preferences involving multiattribute 
preferences in decision-making processes. Individuals often 
find it very difficult to think of price and quality of a 
product in isolation, while they find it quite reasonable to 
be asked to make judgments about products which have 
characteristics with price and quality dimensions. Based on 
the rank ordering of preferences expressed by an individual 
for all pairwise combinations of different levels of 
attributes, the objective in CJA is to provide information on 
the trade-offs which individuals make between various 
attributes of products or objects. For example, while an 
individual may like a house facing the mountain available at 
the lowest price possible, he may have to choose between 
paying a higher price for the mountain view and the same 
price for another house without the mountain view as his
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second best alternatives. Depending upon which he chooses, 
the choice will indicate his utility for the mountain view.
Historical Development of Conjoint Analysis
CJA is a recent development in mathematical psychology 
and has been applied extensively in the marketing field. The 
first formal attempts to use CJA by Debreu (I960), and Luce 
and Tukey (1964), appeared as recently as the early 1960s. 
Subsequently, other researchers, Krantz (1964), Tversky 
(1967), Krantz (1971), Green and Wind (1975) and Green and 
Srinivasan (1978), have contributed significantly to the 
application of CJA technique.
Tversky (1967) developed a general theory of conjoint 
measurement (CJM) that extends the additive rule to 
polynomial functions (sums, differences, and products), and 
from there, a number of mathematical psychologists worked on 
the foundational aspects of this field. According to Cattin 
and Wittink (1982) , over a thousand applications of CJA have 
been attempted over the decade since its introduction to 
marketing research (Green and Rao, 1971 and Johnson, 1974). 
Some corporations, such as AT&T, General Motors, Ford, and
General Electric have each performed several conjoint
studies, extending to a wide variety of product classes.
The first attempt of adapting CJA methods to product 
design optimization was suggested by Zufryden (1979).
Zufryden conceived the problem as a zero-one integer
60
programming model in which the weighted number of the first 
alternative going to the new product is maximized. He 
assumed that the consumer chooses the good with the highest 
utility when comparing the utility of the good with that of 
one's current brand favorite. Each consumer can be weighted 
by their relative size of product class expenditures.
CJA historically is closely associated to the modeling 
of clinical judgments and functional measurement. The 
modeling of clinical judgments has involved decompositional 
modeling of subjects' responses to profile descriptions 
representing diverse topics such as stomach ache (Hoffman, 
Slovic, and Rorer, 1968) and student applications for 
graduate study (Dawes, 1971). Multiple regression analysis 
has been the main technique for parameter estimation in these 
models, although analysis of variance (ANOVA), linear 
programming (LINMAP) and ordinally scaled dependent variables 
(MONANOVA) have been introduced recently. Functional 
measurement, proposed by Anderson (1970), also employs a 
decompositional approach utilizing ANOVA and full factorial 
designs. This measurement has been used for both parameter 
estimation and model testing in areas such as information 
integration, person perception and decision theory (Anderson,
1970).
Contributors to multidimensional scaling (MDS) have also 
contributed significantly to the fields of CJA. Kruskal 
(1965), Lingoes (1967), Krantz (1971), Carroll (1972), Green
and Rao (1972), and Johnson (1973) have each contributed one 
or more algorithms for dealing with the scaling of values 
aspects of CJA. While CJA methodology was discussed briefly 
in Green and Rao (1969) and Green and Carmone's (1970) 
research, the first detailed, consumer-oriented paper did not 
appear until 1971 (Green and Rao, 1971). Following this, a 
series of papers dealing either with algorithms or CJA 
applications (Green, Carmone, and Wind, 1972; Srinivasan and 
Shocker, 1973; and Johnson, 1974) appeared in a variety of 
journals and at conferences. Green and Srinivasan (1978) 
discussed at length some empirical results of several issues 
in CJA such as form of preference model, data collection 
techniques, stimulus set construction, stimulus presentation 
and estimation techniques.
Theoiy of Conjoint Analysis
In the context of behavioral sciences, one is often 
interested in establishing composition rules in which a set 
of independent variables can be employed to predict values of 
some dependent variables. However, one faces the measurement 
of independent variables problems, in addition to measurement 
problems associated with the dependent variable. In CJA, one 
attempts to solve the measurement and composition problem 
together by finding scales that obey the stated composition 
rule to some suitable degree of approximation. CJA can 
isolate salience through what can be referred to as part-
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worth analysis. While it is possible to use direct rating 
scales in CJA, the most common procedure is simply to ask 
people to assess the salience of each criterion using some 
type of scaling approach (Green and Rao, 1971).
The concept of CJA is closely associated to MDS. Both 
seek to construct geometric representations of buyer 
perceptions and preferences and to relate brand preference to 
brand choice. Both nonmetric MDS and CJA require only rank- 
order data, a definite advantage in using with survey- 
response data (Green and Wind, 1975). The task of MDS is to 
reconstruct, from perceptual and preference data, a geometric 
map of buyers' perceptions and ideal points. In applying 
MDS, researchers seek to depict judgments of similarity or 
preferences as relations on points in some type of 
multidimensional space. The scaling of a subject's judged 
similarities of stimulus pairs can be employed to develop a 
perceptual space in terms of those attributes that are 
jointly extracted by the subject of concern, the stimulus 
set, and the task. The subject's preferences for the same 
set of stimuli may be depicted by functions of the stimulus 
object's scores on the dimensions of the perceived space and 
requires only rank-order data (Green and Tull, 1978; Green 
and Wind, 1975).
One special case of the CJA approach is the additive 
model, a model that is comparable to the absence of 
interaction in the analysis of variance involving two or more
levels of two or more factors in a completely crossed design. 
In an additive CJA, a researcher asks if the cell values can 
be monotonically transformed so that additivity can be 
achieved (Green and Rao, 1971). Following the work of Luce 
and Tukey (1964), other researchers have extended the 
additive conjoint models, dealing with non-additivity, 
partially ordered data, and any polynomial type of function. 
If the measurement models are applied to ordinal (nonmetric) 
or numerical (metric) data structures, they are referred to 
as ordinal or numerical, respectively. In the polynomial CJA 
case, the researcher starts with an ordering of the dependent 
variable and investigates what properties this order should 
satisfy so that it can be represented numerically according 
to the proposed composition function (Krantz and Tversky, 
1970; Green and Wind, 1973).
The basic idea in CJA is that by providing consumers 
with stimuli from among which to choose, we can make 
inferences about their value systems based upon behavior. 
The word "conjoint" has to do with the fact that researchers 
can measure relative values of things considered jointly 
which might be unmeasurable taken one at a time. CJA is 
therefore concerned with measuring the joint effect of two or 
more independent variables on the ordering of a dependent 
variable. In the area of market analysis, it relates the 
buyer's preferences to a set of prespecified brand 
attributes. In addition, CJA determines the contribution of
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each attribute level to a buyer's preferences. Because 
preferences are typically heterogeneous, CJA is almost always 
conducted at the level of the individual buyer. CJA is an 
analysis of dependence technique where the dependent variable 
is the preference judgment that a respondent makes about a 
new concept. The independent variables are the attribute 
levels that were specified. The output of CJA consists of 
the simultaneous measurement of the joint effect and separate 
independent variable contributions to that joint effect, all 
at the level of interval scales with common unit (Green, 
1984; Green, Carroll, and Goldberg, 1981).
CJA can be used to disaggregate overall evaluations into 
implicit utilities for components of multicomponent 
alternatives. The conjoint measurement approach involves (a) 
identification of determinant attributes, (b) data 
collection, and (c) estimation of part-worth utility 
functions employing a multiattribute decompositional model 
(Green and Srinivasan, 1978; Green and DeSarbo, 1978). The 
utilities for individual attribute levels are estimated from 
data on total-object evaluations of decomposition models in 
CJA. The decomposition models represent, in themselves, 
theories about how people choose among multiattribute 
alternatives. If the models are defined appropriately, one 
can find appropriate scaling values for each component's 
contribution to rate the overall utility for the 
multiattribute alternative. As a result, CJA can be used for
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either theory testing or parameter estimation (Green and 
Srinivasan, 1978; Green and DeSarbo, 1978).
Copjoint Analysis Model Assumptions
First, to confine CJA into a manageable range, the 
additive assumption is assumed. The principal objective of 
the additive model is the measurement of main effects (no 
interaction) of a set of independent variables on the 
ordering of a dependent variable. This assumption implies 
that a judge's total utility for a multicomponent alternative 
is represented by the sum of the alternative's component 
utilities (Green and Wind, 1973). For example, in the case 
of recreational waterfowl hunting, one would expect generally 
that utility in hunting would increase with increases in 
length of hunting season and the daily duck bag limit and 
decrease with decreases in length of hunting season and the 
daily duck bag limit.
Most attribute utility functions employed in CJA fall 
into one of the four categories shown in Table 3-1 (Cattin 
and Punj, 1984). The quadratic and part-worth functions can 
be applied in all four scenarios, while the linear function 
can be applied in three out of the four scenarios. Nonlinear 
monotone continuous functions are also available but these 
functions are not easily cast in linear form in the 
parameters involved and cannot be employed in the CJA 
studies. For example, nonlinear functions can be employed
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for scenario two and three (Table 3.1) if the logarithmic and 
exponential functions are monotonically increasing or 
decreasing (Cattin and Punj, 1984). However, their
mathematical representation, {i.e. U(Xfj) = log(a( + bjX..) for 
the logarithmic function and U(Xg) = exp(af + k,xjj) for the 
exponential function, where a. and b} are parameters), are not 
linear in a. and b.. A search procedure is required (the 
resulting multiattribute model is nonlinear) if one attribute 
is represented by logarithmic or exponential function and 
another attribute by another function. A general CJA model 
can be expressed as (Jain and Malhotra, 1979; Jain et al., 
1979):
n m
U M  = E E aij [3-2]
i-i j -1
where,
U(X) = the overall utility derived from an alternative 
by a consumer, 
a  =  part-worth utility of j.th level (i, j = 1,
2,...., m,.) of the ith attribute (_i, i = 1,
2,....n)
Xjj = 1 if the attribute level is present, and 0
otherwise, 
n = total number of attributes, and
m = number of levels of the ith attribute
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Table 3.1 Major Types of Utility Functions Used in
Conjoint Analysis
Expectation6 
Concerning 
utility 
Attribute i Example
Appropriate® 
Mathemat i ca1 
Function over 
the Range of 
Levels of 
Interest
Constraint0 
Parameters 
within the 
Range of 
Interest
1. Ideal point
Sugar
Content Quadratic bj < 0
2. Monotone 
Increasing
Miles per 
Gallon
2a. Linear 
2b. Quadratic
a5 > 0
a,- + 2b.X.
> 0
3. Monotone 
Decreasing Price
3a. Linear 
3b. Quadratic
a, < 0 
ai + 2biXi 
< 0
4. Ideal Point 
or Monotone 
(decreasing 
or
increasing)
Sugar
Content
4a. Linear 
4b. Quadratic
No Constraint 
bj < 0 at aj 
+ 2b{Xj = 0 
if a, + 2bjXj 
= 0 within 
the range of 
interest
a. The part-worth function is not shown, but can be used in 
all cases.
b. The four expectations included in this table, and their 
appropriate mathematical representation do not include 
multiple peaks. In this case, not only can part-worth 
function be used, but also cubic or higher order 
function.
c. The constraints on the parameters were obtained by 
taking derivatives of the functions (for example, the 
derivative of a{Xj + bjXj2 = a,- + 2bjX1) .
Source: Philippe Cattin and Girish Punj, ” Factors
Influencing the Selection of Preference Model Forms 
for Continuous Utility Functions in Conjoint 
Analysis," Marketing Science. 3:1(1984): 73-82.
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For estimation of ce^'s only (m.-l) linearly independent 
variables are needed for each attribute i to completely 
specify the fundamental preference model (3.2). This results 
in a total of S (irij-l) linearly independent variables. 
Hence, the correct specification of the estimated parameters 
in the main preference model is given by:
n mi-l
OiX) = E  E  VtJxU [3-3]
i»i j-i
The Oct.'s in (3.2) have to be estimated to develop the part- 
worth utilities associated with each level of all n 
attributes once have been estimated. This would require
solving E mj simultaneous equations in the following manner 
(Jain and Malhotra, 1979; Srinivasan and Shocker, 1973):
a i1 “  a im =
a i2 a im ^ i 2  
•
^im-l ^im —  ^im-1
S cci} = 0 [3.4]
Several methods are available to estimate , including 
monotone regression methods such as MONANOVA (Kruskal, 1965) 
and ordinary least squares (Jain et al., 1979).
One of the key assumptions underlying the CJA method is 
that an individual's preference for an object can be 
decomposed into preference scores for characteristics of the 
object (Cattin and Wittink, 1982). The method can also be
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employed to measure nonlinear preference models. Although 
continuous functions can be measured, the standard procedure 
requires that utility functions possess discrete values that 
can be estimated separately. This procedures will capture 
the decreasing returns aspects of the utility functions. If 
a main effects model is employed, the preference score for a 
given attribute level does not depend on any other attribute.
The second assumption involves a complete ordering of 
the orthogonal (nonredundant) combinations of all attribute 
levels. This assumption implies the efficient use of 
fractional factorials when there are many attributes with 
many levels which would induce respondent fatigue and non­
involvement (Cattin and Wittink, 1982; Green and Srinivasan, 
1978) .
The third assumption, the cancellation axiom, refers to 
the assumption that indifference curves do not intersect 
unless consumers' tastes are inconsistent (Luce and Tukey, 
1964). The basic criterion for this assumption is to test 
the rank orders produced by the respondent and by the 
conjoint algorithm using Kendall's tau statistic (Conover,
1971) . For example, let a, b, and c denote levels of a 
subset of attributes, and x, y, and z denote levels of the 
remaining attributes. If in binary choice, (a, x) is chosen 
over (b, y) and (b, z) is chosen over (c, x) with probability 
at least 0.5, then (a, z) is chosen over (c, y).
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The fourth assumption states that indifference curves 
are everywhere dense. In other words, an indifference curve 
passes through each point in a commodity space. A fifth 
assumption is that the product attributes are independent. 
This assumption means that the additive model precludes any 
interaction effects among attributes present (Cattin and 
Wittink, 1982).
A sixth assumption is independence and order 
independence. In a trade-off conjoint choice with a subset 
of attributes at fixed levels, the choice probabilities are 
independent of the fixed attribute levels. In order of 
independence, the P{.jjJ.)(i) > 0.5 implies PBu{j}(k) for i, j not 
in B and k c b .
In addition to the above six assumptions, it is also 
typically assumed that there is a common composition rule for 
all respondents in the experiment. The variables must be 
easily communicated, a situation in which a respondent can 
see, touch, or use models that represent the various 
combinations of variables being tested (Hair, Jr., Anderson 
and Tatham, 1987) . It is further assumed that a set of 
variables should not contain attributes that a respondent is 
unfamiliar with or incapable of valuing adequately because 
the variables are incomprehensible within a normally accepted 
rank.
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Coigoint Analysis: A Multiattribute Technique
Econometric choice studies rarely make use of 
psychometric data on perception, attitudes and tastes, 
whereas it is clear that such data could be used to shape the 
utility function and define product attribute scales. For 
example, the purchaser of an automobile may have an opinion 
of the durability of alternative brands, attitudes with 
regard to the importance of durability, preferences among 
specific brands, and models to maximize preference, taking 
into account the opportunity cost of the outlay for the 
product, and a behavioral intention to choose a specific 
brand (Green, Wind and Jain, 1972). Perceptions are 
influenced by product attributes and by marketing 
information, and historical experiences and socioeconomic 
elements influence perceptions, attitudes, and decision 
making (McFadden, 1986). Attitudes and perception, on the 
other hand, determine preferences, and preferences are 
translated by decision making into behavioral intentions, 
taking into account constraints on choice. The use of 
psychometrics provides an approach to analyzing these 
theoretical constructs.
A relatively new development in mathematical psychology 
which draws on psychometrics, conjoint analysis permits 
assessment of bundles of benefits as well as individuals' 
part-worth (i.e. consumer's preferences for different levels 
of the alternative attributes) utility function for each
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benefit contributing to an overall rating of preferences. 
Hair et al. (1979) suggest that the CJA technique will rank 
and order responses indicating subject preferences by 
transforming those responses into a monotonic format. If a 
perfect transformation is achieved, the model will produce 
values for the attributes whose sums will have the same order 
and relative distance between responses as the original 
responses. During this process, values, referred to as part- 
worth utilities, are developed. These utilities simplify the 
process of discerning the relative value of the attributes 
being considered. Thus part-worth utilities provide 
information about the trade-offs which the respondent would 
make among attributes.
By using a CJA model, a researcher can separate overall 
judgments into psychological components that provide valuable 
information concerning the relative importance of various 
attributes or characteristics of a product. CJA can also 
provide information regarding the value of different levels 
of a single attribute and the estimation of the psychological 
trade-offs consumers make when evaluating several attributes 
concurrently. The advantages of CJA knowledge can be 
beneficial in designing new products and services as well as 
altering current products or services.
CJA allows researchers to examine the consumers' 
decision-making process involving a number of interrelated 
factors (or attributes), each of which have several levels.
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For example, suppose an individual is in the process of 
buying a washer and dryer and faces some alternatives in 
terms of price, brand name and warranty coverage (Table 3.2). 
The decision-making process involves choosing the best 
combination of the attributes given the levels.
How does the individual make a decision? If a number of 
people are making a similar decision, how much variability is 
there in the various decision-making processes? CJA attempts 
to answer these questions by calculating utilities or 
preference weights for each of the factor levels. These
utilities measure the relative importance to the decision
maker of the factor level in question. For the above
hypothetical example, the individual may be willing to pay 
$500 for the washer and dryer for a K-Mart brand with no 
delivery service and a low warranty coverage. The
application of CJA to such a consumer decision making problem 
involves the following components: design of the experiment, 
model selection, analysis and interpretation (Wharton and 
Srinivasan, 1988).
A simple experimental design for a CJA therefore 
involves asking respondents to rank or rate each possible 
combination of factor level that could possibly occur. In 
the above hypothetical example, it would involve the ranking 
of 81 (34) possible combinations (Table 3.2). For a product 
involving four factors, each with five levels, this would 
involve ranking 625 possible combinations of factor levels,
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Table 3.2 A Conjoint: Analysis Decision-Making Process
Attributes Attribute Levels
Price $500 $1,200 $2,000
Brand K-Mart Sears Wal-Mart
Free Delivery No Yes Yes
Warranty 6 Months 1 Year 2 Years
Source: R. M. Wharton and R. Srinivasan, "Applications of
Combinatorial Methods to Conjoint Analysis," paper 
presented at the Annual Meeting of the American 
Statistical Association, New Orleans, Louisiana, 
August 22-25, 1988, pp. 348-388.
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which is clearly beyond the capability of the respondents. 
Therefore, a subset of all possible combinations is selected 
to permit the estimation of the main factors (McLean and 
Anderson, 1984; Green, 1977).
A commonly used technique for such a purpose is the 
fractional factorial design (Petersen, 1985; Green, 1974; 
Winer, 1971). Fractional factorial design allows a 
researcher to evaluate the combined effect of two or more 
experimental variables when used simultaneously. For 
example, a researcher in an experiment involving four factors 
each with five levels the respondent would only have to 
evaluate 25 responses. This data would allow the researcher 
to estimate the main effects of the factor levels as well as 
interaction effects, if desired (Green, 1974; Winer, 1971). 
An interaction effect involved the combination of variables 
above and beyond that which can be estimated from the 
variables considered independently.
The CJA technique provides interval scaled values of a 
dependent and multiple independent variables from ordinal 
scaled inputs (Green and Wind, 1975). This technique, 
developed mainly from the theoretical works of Debreu 
(1960 ) and Luce and Tukey (1964) , is designed for situations 
where two or more independent variables affect the rank 
ordering of a dependent variable. The analysis produces 
interval scales both for the individual effects of the 
independent variables and for the dependent variable.
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There are two approaches to reduce the respondent task 
in large factorial designs, called the experimental design 
approach and the trade-off approach. In the experimental 
design approach, individuals indicate their preferences for 
all of the attributes at each available level. The 
researcher then estimates the relative influence of the 
attributes considered (Hair, et. al., 1979).
In the trade-off approach, the individuals indicate 
their preferences for combinations of attributes, two at a 
time. The researcher is assumed to be concerned with the 
effect of two or more independent variables on the ordering 
of a dependent variable. This technique is based on the 
assumption that decisions are made not on a single factor or 
criterion, but on several factors taken jointly (Raghavarao, 
1971) .
Although the choice of using the experimental design or 
the trade-off approach is dependent upon several factors, no 
consensus exists in the literature indicating a superior 
approach. Johnson (1973) suggested that the trade-off 
approach may produce a higher test-retest reliability for 
most respondents, but may be less reliable for some subjects. 
The two methods appear to measure the same thing but the 
trade-off approach may have an advantage in improving 
predictions, based on new data. Johnson concluded that the 
experimental design approach is most appropriate for small
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sample or number of attributes studies, and the trade-off 
approach is superior for studies with larger numbers of 
attributes.
Applications of Conjoint Analysis
Since research by Green and Rao (1971) introducing CJA 
to marketing researchers, there has been an impressive array 
of research dealing with either CJA algorithms or CJA 
applications appearing in a variety of journals (Green, 
Carmone, and Wind, 1972; Srinivasan and Shocker, 1973; 
Johnson, 1974). Applications of CJA includes hypothetical 
descriptions of retail discount cards (Green, Carmone, and 
Wind, 1972), restaurant menus (Green, Wind, and Jain, 1972), 
soap (Green and Wind, 1972), and transportation and financial 
services (Green and Tull, 1978). Table 3.3 presents a 
summary of recent conjoint measurement applications.
Research in marketing has focused on multiattribute 
choice problems in a variety of marketing settings. In some 
cases, the techniques have drawn upon developments in 
multidimensional scale or attitude measurement as applicable 
to modeling of brand choices and other kinds of evaluative 
judgments (Green and Carmone, 1970). Most of the marketing 
research projects dealing with multiattribute choice problems 
have used linear-regression procedures as computational 
devices, although there has been attempt to employ more 
sophisticated techniques in studies of brand and supplier
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Table 3.3 Recent Conjoint Measurement Applications
Consumer Nondurables Other Products
1 . Bar soaps 1 . Automobile styling
2. Hair Shampoos 2. Automobile and truck 
tires
3. Carpet cleaners 3. Car batteries
4. Synthetic-fiber garments 4. Ethical drugs
5. Gasoline pricing 5. Toaster and ovens
6. Panty hose 6. Cameras
7. Lawn chemicals
Financial Services
7. Apartment design 
Other Services
1. Branch bank services 1 . Car rental agencies
2. Auto insurance policies 2. Telephone services and 
pricing
3 . Health insurance policies 3. Employment agencies
4 . Credit card features 4. Information retrieval 
services
5. Consumer discount cards 
Industrial Goods
5. Medical laboratories 
Transportation
1 . Copying machines 1 . Domestic airlines
2 . Printing equipment 2. Transportation airlines
3. Facsimile transmission 3. Passenger train 
operations
4 . Data transmission 4. Freight train 
operations
5. Portable computer 
terminals
5. International air
transportation
association
Source: Paul E. Green and Donald S. Tull, Research for
Marketing Decisions. Englewood Cliffs, New Jersey: 
Prentice-Hall, Inc., 1978, pp. 491.
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preferences, as typified by multiplicative modeling, 
MONANOVA, and polycon (Kruskal, 1965; Young, 1972; Johnson,
1974).
The objective of CJA analysis is to decompose a total 
evaluation score into components imputed to each attribute or 
to decompose a set of overall responses to factorially 
designed stimuli so that the utility of each stimulus 
component can be inferred from the respondent's overall 
evaluations of the stimuli and to measure these components 
(Green and Tull, 1978; Green and Wind, 1973). The stimuli in 
CJA analysis are designed beforehand according to some form 
of factorial structure dealing with preference judgments 
rather than similarities. The attractiveness of CJA as a 
technique in the field of consumer research is due to the 
ability of consumers to order preferences, combined with the 
fact that although only rank order data are required as 
inputs, the output consists of a measurement of the utility 
value to a consumer of each product attribute.
It is often difficult to give direct, intervally scaled, 
judgments of utility when comparing utilities among 
consumers. However, such input data are not a prerequisite 
in deriving intervally scaled part-worth in CJA (Green and 
Srinivisan, 1978). A number of different data collection 
procedures have been proposed, but CJA studies largely used 
two alternatives: two factor trade-offs or the full profile 
approach. In the two factor trade-off approach, the subject
8 0
is asked to rank his or her preference for all possible 
combinations of the levels of two attributes, from the most 
preferred to least preferred (Green and Wind, 1975). This 
procedure is repeated for all possible pairs of attributes. 
In the full profile approach, the subject is presented with 
a complete description of each choice alternatives. The 
subject is then asked to rank or rate the alternatives in 
terms of preference. The advantage of the rating scale is 
that it can be administered by mail, whereas a ranking task 
in the two factor trade-off approach usually entails a 
personal interview. Ratings and rankings provide more 
information on preferences per respondent task than do 
choices.
Problems arise when a researcher is interested in more 
than two or three attributes because the amount of data 
required from subjects increases very rapidly as the number 
of attributes and the number of levels per attribute 
increases. For example, Green and Wind's (1975) study of 
preferences for airlines determined that management was 
interested in eight attributes; four with two levels and four 
with three levels. In this case, the full profile approach 
yields 24*34 = 2*2*2*2*3*3*3*3 = 1,296 different combinations, 
too large a problem for a single subject to provide complete 
data. Therefore, much of the research on CJA has focused on 
ways of decreasing subject effort to manageable levels. 
Among the techniques and procedures developed to handle this
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problem are partitioning the possible profiles into subsets, 
and confining the analysis to main effects (Green 1974; 
Green, Carroll, and Carmone 1978; Green, Carroll, and 
Goldberg, 1981). With the second procedure, respondents are 
asked to rank-order product concepts which differ 
simultaneously with respect to several attributes.
The trade-off method is often tedious for the 
respondent, requiring the respondent to abstract each 
comparison and make pair-wise judgments. Since only two 
attributes are being considered, there is a potential loss of 
realism in interpreting the data. This can be a major 
problem when there is substantial environmental correlation 
among attributes for technological reasons (Green and Tull, 
1978; Green, Carroll, and Goldberg, 1981). In contrast, the 
full profile approach specifies a concept fully and promotes 
a higher probability of commonality of perception. It has 
been suggested that respondents cannot easily interpret 
profiles of more than five to seven attributes in the full 
profile approach (Green and Tull, 1978). The advantages in 
employing the full-profile approach in data collections are
1. the description of the concepts is more realistic 
since all aspects of the data collection are 
considered at the same time,
2. the concept evaluation task can employ either a 
rating or ranking scale, and
3. respondents make fewer judgments than in the case 
of the two-attribute trade-off approach.
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Both approaches call for a great deal of respondent training 
and time, with each requiring an interview of approximately 
one and half hours (Green and Tull, 1978; Green and Wind,
1973).
Studies comparing the two methods in data collections 
typically find that the estimated utilities are approximately 
similar in nature (Green and Tull, 1978; Green and Wind,
1975). The trade-off approach typically yields a higher 
predictive validity for large numbers of factors that are not 
environmentally correlated. In reality, it is difficult to 
find factors that are not correlated and thus, the full- 
profile approach has become increasingly preferred. Almost 
70 percent of recent studies employed the full-profile 
approach, and another 15 percent used a combination of the 
full-profile and the two factor trade-off approach at the 
same time (Cattin and Wittink, 1982).
A particularly important use of CJA has been in the 
evaluation of a new product or service configurations with 
significant consumer appeal relative to competitive 
alternatives. In this use, each profile represents a 
potential new product or an existing product. CJA then 
yields an estimated utility function for each subject from 
which it is possible to construct the utility for any 
proposed or existing product for each subject. From such 
data it is possible to estimate buyers' brand preferences and 
to aggregate this preference into market shares. In
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addition, utility measurements can be used to develop 
strategic marketing simulations. These simulations are often 
used to evaluate the volume and profit implications of 
changes in marketing strategies (Cattin and Wittink, 1982).
Green, Wind, and Jain (1972) employed the additive 
conjoint model to consumer menu preference via the MONANOVA 
technique. A study by Green, Carmone, and Wind (1972) on the 
merit of housewives using discount cards introduced the 
possibility of combining the use of CJA with MDS. Johnson 
(1974) employed the NMRG algorithm to study the trade-off 
effects in consumers' automobile brand preference. Finally, 
Green and Wind (1975) tested the market for a new spot 
remover via the MONANOVA algorithm, using orthogonal designs 
to overcome the limitations of cost and respondent fatigue. 
It has been suggested that areas of application most 
conducive to CJA are those in which the product or service 
involves relatively high resource commitments and tend to be 
examined by the buyers, for example, banking or insurance 
services, and industrial products (Green and Rao, 1971). 
Table 3.4 presents a brief summary of selected representative 
empirical studies in marketing using the CJA technique.
Application of CJA methods in nonmarketing situations 
are also found in the literature (Parker and Srinivasan, 
1976; Knight and Menchik, 1974). CJA is also well suited to 
conduct cost-benefit analyses of public policy decisions. 
For example, recent applications of CJA in public policy
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Table 3.4 Summary of Selected Representative Empirical Studies in Marketing Using
Conjoint Analysis
Item Study I Study II
Author(s) and Date 
Research Topic(s)
Stimuli
Number of Attributes
Attributes: 
Descriptions and 
Number of levels
Subjects
Data Description
Conjoint Measurement 
method
Main Findings
Green, Carmone and Wind 
(1972)
1. How well does an additive 
model represent subjective 
evaluations?
2. Examination of individual 
differences
27 hypothetical retial 
discount cards
Size of discount: 3
No. of cooperating stores: 3
Initial cost of card: 3
43 housewives
Ranked responses and self­
explained attribute weights
Kruskal’s MONANOVA for 
each subject and for clusters 
of subjects
1. Additive main effects only 
model described the data 
extremely well
2. No systematic differences 
in the individual evaluations 
by socio-economic variables
Green, Wind and Jain 
(1972)
1. Measurement of utility of a 
bundle of items
2. Examination of Stability of 
attribute component functions 
with addition of more than one 
levels of attribute
30 entree-dessert com­
binations randomly chosen from 
60; and 10
Entrees:
Desserts: 12 and 14
52 men and women
Ranked responses for 30 and 40 
stimuli separately
KruskaFs MONANOVA for 
sample averages and individual 
subjects
1. High degree of stability of 
component values for the 12 
desserts when 2 more were 
added to the set
2. Appropriateness of the 
additive model for describing 
utilities for item collections
3. Linear model using self­
explicated weights predicted 
evaluations quite well
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Table 3.4 Summary of Selected Representative Empirical Studies in Marketing Using
Conjoint Analysis (continued)
Item Study I Study II
Author(s) and Date Rao (1972) Fielder (1972)
Research Topic(s) 1. Variation of marginal 
salience of price in brand 
evaluations with respect to 
other brand attributes
1. Development of a model to 
predict the sellout of apartments 
in a condominium
2. Determination of an optimum 
price schedule for condominium 
apartments
Stimuli Sets of hypothetical 
automobiles developed 
according to fractional 
factorials
Hypothetical descriptions of 
apartments, number of stimuli 
varies with the attributes pair 
represented
Number of Attributes 6 4
Attributes: 
Description and 
Number of levels
Price: 4 
Size: 4
Horsepower: 4 
Repair record: 4 
Origin of manufacture: 4
Floor: 4 
View: 2
Purchase price: 10 
Unit type: 6
Subjects 118 men and women 200 visitors to the model units
Data Description Ranked responses before 
and after price information
Six sets of ranks, for each of the 
six attribute pairs
Conjoint Measurement 
Method
Kruskal’s MONANOVA for 
each subject’s response sets
Multiplicative model using 
Johnson’s algorithm
Main Findings 1. Importance given to price 
is approximately a U-shaped 
function o f number of 
additional nonprice 
attributes
1. The model predicted the 
sellout of units quite well on the 
marginal totals but not so  well 
for units o f prespecified 
description
2. Importance of nonprice 
attributes is a monotonic 
decreasing function of 
number o f other attributes
2. The model did not find a set 
of prices that yielded predictions 
close to target
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Table 3.4 Summary of Selected Representative Empirical Studies in Marketing Using
Conjoint Analysis (continued)
Item Study I Study II
Author(s) and Date Davidson (1973) Jain (1974)
Research Topic(s) 1. Development of a model 
for forecasting traffic on 
Short Take-Off (STOL) and 
Landing service between 
Montreal and Ottawa 
airports
1. Measurement of a 
community’s perception of social 
class
Stimuli Hypothetical descriptions of 
the STOL service on pairs 
of attributes
81 hypothetical individuals 
described on the attributes; a 
core of 9 plus 4 out of the 
remaining presented to each 
subject
Number of Attributes 13 4
Attributes: 
Description and 
Number of levels
Time: 3 
Cost: 4
Schedule (departure per 
day): 4
Meal service: 4
Occupation: 3 
Education: 3 
Family income: 3 
Ethnic background: 3
Subjects About 1000 air travelers 108 married couples (54 whites 
and 54 blacks)
Data Description 21 sets of ranks, one for 
each of 21 selected pairs of 
attributes
Sorting into two ordered 
categories and rating on a 1 to 
20 scale
Conjoint Measurement 
Method
Multiplicative model using 
Johnson’s algorithm and the 
predictive model calibrated 
using data for four existing 
models
Kruskal’s MONANOVA
Main Findings 1. Prediction of model split 
of traffic between 4 existing 
modes and STOL using the 
model compared with closely 
with the actual split
1. Implicit attribute ranking was: 
family income, education, and 
ethnic background
2. Racial differences observed in 
the attribute component 
functions
Source: Vithala R. Rao, "Conjoint Measurement in Marketing Analysis," in Multivariate Methods 
for Market and Survey Research. Jagdish N. Seth (ed.), Chicago, IL: American Marketing 
Association, 1977, pp. 278.
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decisions addressed the problem of recruiting for the Armed 
Service Reserves and conjoint preference estimation for 
residential land use policy evaluation (Knight and Menchik,
1974). Parker and Srinivasan (1976) have addressed the 
issues of determining the number, location, and operating 
characteristics of a set of health care facilities to be 
added to an existing health care delivery system so as to 
maximize the incremental benefits to the community with a 
given budget constraint. The estimated preference functions 
for each respondent was then transformed into a benefit 
function expressing the individual's benefit in dollars for 
an existing or potential health care facility. Carmone 
(1971) analyzed the problem of describing subjective 
evaluation for the purposes of university budgeting. McClain 
and Rao (1974) used the CJA approach to determine trade-offs 
and conflicts in the evaluation of alternative health care 
delivery systems.
CJA has also been used to study consumers’ preferences 
for alternative allocations of scare resources, such as time. 
Carroll, Green and DeSarbo (1978) used CJA in a study 
considering preferences for alternative allocations of 
leisure time for different levels of (1) watching TV, (2) 
recreational reading, (3) socializing, (4) sport activity, 
and (5) hobbies. The same approach has been employed to find 
consumer utilities for such things as alternative household 
budget allocations or allocation of household savings for
88
investments (Green and Srinivasan, 1978). Cosper and Kinley 
(1984) demonstrated the usefulness of CJA as a sociological 
tool for studying cultural and leisure preferences in Canada.
The technique is advantageous because a researcher is 
able to limit the number of choices to which a subject is 
required to respond, while at the same time permitting the 
researcher to compute a preference measure for choices that 
are both explicitly and implicitly implied by the research 
design. For example, Mackenzie (1990) developed a conjoint 
measure approach to evaluate unpriced attributes of waterfowl 
hunting trips in Delaware. Respondents' ratings of 
alternative hunting trip vignettes were employed to specify 
values for various trip characteristics, including 
recreational travel time. The technique demonstrates how 
multiattribute recreation goods such as waterfowl hunting, 
which may incorporate multiple non-market environmental 
amenities, can be estimated to acquire marginal valuations of 
those attributes.
CJA also provides a useful technique for identifying 
market segmentation, since its measurement yields a separate 
utility function for each subject in the estimation. 
Individuals with the same utility functions can be combined 
together to form different market segments. If demographic, 
socioeconomic and personality-life style data are available, 
it is possible to identify the market segments from the 
individual utility functions (Green and Wind, 1975).
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Despite its recent development, CJA applications in 
marketing have grown dramatically, forming the basis for a 
range of applications in suitable areas, and developing the 
foundation for using the technique, the model, its 
assumptions, and the available algorithms. CJA has already 
been applied widely in the private sector and it has a large 
potential application for the public sector. In summary, 
some of the characteristics of problems where CJA has been 
employed productively are (Cattin and Wittink, 1982; Green 
and Tull, 1978);
1. Where a number of attributes (each with two or more 
levels) are present in the products,
2. Where most of the feasible combinations of 
attribute levels do not presently exist,
3. Where the expansion of the range of attitude levels 
are possible, and
4. Where the general direction of attribute 
preferences is known
The usual problem in the use of CJA is that preferences for 
different attribute levels may be in conflict with other 
preferences. The solution is then to determine a general set 
of attribute levels based on a certain set of given 
attributes.
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Types of Coi\joint Analysis Algorithms and Estimation Techniques
CJA algorithms, similar to those utilized in nonmetric 
scaling, utilize iterative adjustment of trial values for the 
independent variables that minimize departures from values 
implied by some composition rule, subject to maintaining 
monotonicity with the dependent variable. A variety of such 
algorithms have been constructed by many of the researchers 
in MDS. Young (1969) and Tversky (1967) have shown that many 
of the models of nonmetric scaling can be cast into the 
polynomial conjoint measurement framework. The major 
difference is that in the nonmetric conjoint measurement 
version, the criterion variable is an ordinally scaled.
Kruskal's (1965) MONANOVA program is designed for the 
most popular CJA models, namely, the additive (main effects) 
case. MONANOVA refers to MONOTONIC ANOVA or rank-order 
ANOVA, an estimation technique often cited in the early 
literature on CJA. Given a rank order of responses to 
combinations involving two or more independent variables 
arranged according to a factorial design, this program finds 
scales for the independent variables whose ranking of main- 
effects combinations best preserves (in a type of least 
squares sense) the ranking of the response variable. In the 
context of multiple regression analysis, design variables can 
be employed as a set of dummy-valued predictors. Each 
successive analysis of variance, however, has its criterion 
values adjusted so as to retain the original rank order, the
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procedure is called monotonic analysis of variance. Rank 
input data are expected to be more reliable (Green and 
Srinivasan, 1978).
Carroll's PREFMAP model (1972) enables one to consider 
more elaborate types of analysis of variance (ANOVA) models, 
including interaction terms, polynomial terms and covariates. 
The PREFMAP model can deal with interaction and product term, 
thus representing a useful generalization of main effects in 
CJA models. This is done by treating the factorial-design 
data as dummy predictor variables in a type of monotone 
regression. In some cases, the judge may respond 
categorically rather than ordinally to the various 
multiattribute stimuli. In this case, Carroll's categorical 
CJA model (1969) allows a researcher to handle the additive 
CJA case under conditions in which there is no a priori 
ordering of the response variable. This model and algorithm 
assume that additive combinations of the independent 
variables can be estimated are correlated with numerical 
values assigned to the subject categorical responses. This 
modeling technique is specifically useful when one does not 
assume an a priori ordering of the subject's response 
categories.
The pooled regression approach focuses on the average 
rating, where the dependent variables are represented by 
dummy variables denoting the level of attributes on the 
profiles. This approach can be analyzed by pooling all
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respondents together or performing individual analyses and 
then pooling the results. Pooled regression involves 
stacking each of the responses from the n individual 
respondents into one long matrix. The intuition of such a 
regression is that it predicts the average quality rating of 
a product profile. Under the standard OLS assumptions, it is 
the unbiased estimate with the lowest variance (Green and 
Srinivasan, 1978).
Srinivasan and Shocker's (1973) LINMAP algorithm differs 
from the others in that it uses linear programming as 
compared to classical calculus methods employed by the other 
approaches. The use of linear programming enables LINMAP to 
obtain global optimum parameter estimates, while the other 
approaches cannot be guaranteed to achieve global optimums. 
In LINMAP, attribute weights can be constrained to be 
nonnegative and part-worth functions can be constrained to be 
monotone. LINMAP may be best suited from the stand point of 
ideal modeling, since the use of other approaches may lead to 
negative weights and interpretation difficulties. The two 
major advantages of this technique are that it uses a more 
robust error structure and that constraints can be added to 
ensure that the utility functions are monotonic (Srinivasan 
and Shocker, 1973).
First choice simulation is another type of algorithm 
used in CJA. This model assumes that for each consumer, the 
first choice is the only choice and is especially appropriate
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in modeling expensive, durable goods. It has been employed 
by a number of researchers including Johnson, 1974, and Green 
and Srinivasan, 1978. Under the assumption that the first 
choice is the only choice, the percentage of aggregate first 
choices is not violated by lower ranks and does not depend on 
the independence of irrelevant alternatives assumption. A 
researcher can encounter a significant problem in this 
algorithm technique because a simulation must be run to 
estimate choice probabilities for each choice set rather than 
simply including parameters in an equation. The fact that 
the results from first choice depends on the choice set can 
make the implication of the model difficult to interpret 
(Johnson, 1974, and Green and Srinivasan, 1978).
In general, when applying the CJA technique, researchers 
initially select the relevant stimulus attributes to be 
measured, specifies their various levels, and consider 
interactions that seems appropriate to estimate. Following 
this, a fractional factorial design (Green, 1974) is 
constructed to estimate the relevant parameters. This 
experimental combination is then presented to respondents who 
are asked to rate each full-profile combination according to 
overall preference. The part-worths are then estimated by 
multiple regression where the experimental design (converted 
to dummy variables) becomes the set of independent variables 
(DeSarbo, Carroll, Lehmann, and O 1Shaughnessy, 1982).
A recent technique developed by Kamakura (1988) focuses 
on improving the predictive accuracy of CJA. Respondent 
clusters that optimize segment-level part-worth estimates are 
formed in Kamakura's technique. This technique groups the 
clusters of respondents and part-worth estimates into a 
single analytic step. This grouping is performed in order to 
maximize predictive validity when each cluster's averaged 
part-worths are used in predicting individual holdout-sample 
responses for each member of the cluster. Kamakura's method 
avoids the pooling of unreliable fragments of respondents' 
part-worth estimates.
Methods which relate paired-comparison data to a choice 
probability model include LOGIT (Ben-Akiva 1973; McFadden 
1976; Doyle, 1977; Punj and Staelin, 1978; Gensch and Recker 
1979; Rao and Rosenfeld, 1979;) and PROBIT (Goldberger 1964; 
Rao and Winter 1978). According to a recent survey (Cattin 
and Wittink, 1982), there is a definite trend toward 
increasing the use of techniques such as LOGIT and regression 
analysis. This trend may be related to the increasing use of 
rating scales for the collection of preference judgment. The 
LOGIT approach has the advantage that the estimation 
procedure produces global maximum likelihood estimates 
(McFadden 1976). The LOGIT model is a probability of choice 
model that results in estimates of choice probabilities for 
any item in the space of attribute levels making up the 
experimental design. All probabilities in the LOGIT model
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are constrained to a 0-1 interval. This model hinges on the 
assumption of independence from irrelevant alternatives, 
which means that the relative probability of choosing one 
item over another is unaffected by the other items in the 
same set.
In using rank data to fit choice models, it is important 
to include the appropriate relationship between ranking and 
choice probabilities. According to Luce's independence from 
irrelevant alternatives assumption, the multinomial logit 
model (MNL) provides a link between choice probabilities and 
probabilities of ranks (McFadden, 1986). For example, let C
= (1,.... , M) denote a choice set, and PA(i) the MNL
probability for the choice from a subset A of C. Assuming no 
interaction across alternatives choices, the probability of 
the event that alternatives 1 through J are ranked 1st through 
Jth, respectively, for any J  =  2,..,M, is given by:
Pr (1 > 2 >..> J > {J+l, . . , M)) = P{1 H>(1) *
P{2..M>(2 ) * * * * * PCJ..M> ( C3 *5 ]
This probability is the product of MNL probabilities, each 
being equal to the choice probability from the set of 
alternatives remaining after excluding the higher ranked 
alternatives. The probability for any other ranking is 
obtained by a permutation of indices. The log likelihood of 
ranking is then obtained by adding the log likelihoods of the 
successive choice probabilities in equation (3.5), and can be
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analyzed by treating each term as an independent observation 
on choice. Beggs, Cardell, and Hausraan (1981) employed this 
ranking procedure to conjoint experiment rank data in 
marketing studies assessing the potential demand for electric 
cars.
Extending Conjoint Measurement for Rank Data
The understanding of human preference behavior involving 
multiattribute choice making has interested researchers in 
many disciplines, including economics, operations research, 
applied statistics, mathematical psychology, marketing, and 
psychometrics. Models or hypotheses are formed based on the 
nature of decision processes, and are evaluated in the light 
of observed behavior (McFadden, 1974) . This task is 
complicated in many economic models when the measurement 
scale consists of a set of categories. For example, 
political philosophy may be measured as liberal, moderate, or 
conservative; patients recovering from an operation might be 
rated as 1-worse, 2-same, 3-light improvement, 4-moderate 
improvement, and 5-marked improvement; and smoking status 
might be measured under the categories never smoked, former 
smoker, and current smoker.
Consumer choice measurement can be classified into three 
basic scales of measurement, nominal, interval, and ordinal 
(categorical). Examples of nominal variables are religious 
affiliation categories (Catholic, Jewish, or Buddhist), mode
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of transportation (automobile, bike, or subway) and choice of 
residence (house, apartment, or condominium). For nominal 
variables, the order of listing of the categories is 
irrelevant to the statistical analysis. An interval variable 
is one that does have numerical distances between any two 
levels of the scale (Agresti, 1984). For example, blood 
pressure level, length of prison term, income, and age are 
interval variables.
Some multichoice variables are inherently ordered and 
are called ordinal variables. Examples of ordinal variables 
are size of a car (subcompact, compact, mid-size, large), 
appraisal of company's inventory level (too low, about right, 
too high), and diagnosis of a cancer patient (certain, 
probable, unlikely, definitely not). Ordinal variables 
clearly order the categories and consumers generally rank or 
rate the given set of categories according to their order of 
preferences. When there are n objects to rank, one often 
assigns score n to the first choice, n - 1 to the second 
choice, and in general (n + 1) - k to the kth choice. The 
total or average rank score is then calculated for each 
object and is used as the score of the object (Cook et al., 
1983; Chapman and Staelin, 1982; Anderson and Philip, 1981).
While a cardinal utility ranking over a series of 
choices does exist for each individual, it is common for 
individual choices to be given in an ordinal ranking format. 
For example, if the underlying utility of a particular
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individual is such that U3 > U1 > U2, the ordinal ranking 
format would state that object 3 is preferred to 1 which is 
preferred to 2. Alternatively, the preferences ranking could 
mean that object 3 has rank 1, object 1 has rank 2, and 
object 2 has rank 3.
Numerous estimation techniques have been developed for 
estimating individual preferences, expressed as rank 
ordering. Methods of estimation associated with these 
measures include multiple regression, ordinary least square 
regression, maximum likelihood, random utility, ranked 
ordered logit, tobit and probit, developed for the 
binary/dichotomous case broadening to the polychotomous case. 
Research in this area has concentrated on the solution, 
properties, and theories associated with the available 
estimation techniques. Muller (1976), Plott (1976) and 
Chapman and Stealin (1982), and Marley (1988) provided an 
excellent overview of this literature. The following section 
focuses on the basis for the rank ordered logit modeling.
Rank Ordered Logit Model
It is widely recognized that the types of data and the 
class of problems that a researcher encounters vary greatly 
with the field of research. For example, in social sciences 
and physical sciences, qualitative data are very common.
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These qualitative measurements, whether subjective or 
objective, usually take values in a limited set of categories 
that could be on an ordered scale.
Ordered variables play important roles in many specific 
areas, including psychology, sociology, marketing, and 
economics. For example, in the medical field it may be 
possible to classify a patient as severely, moderately or 
mildly ill when the severity of the sickness is uncertain. 
Other examples that have appeared in the literature are bond 
ratings, opinion surveys, voting outcomes on certain programs 
and the level of insurance coverage taken by a consumer: 
none, part, or full. In each of these examples, although the 
outcome is discrete, the multinomial logit or probit models 
could not account for the ordinal nature of the dependent 
variables (Greene, 1990).
The core of the problem lies within the assumption that 
the disturbances are mutually independent in the IIA 
property. This assumption requires that the sources of 
errors contributing to the disturbances must do so in a way 
such that the total disturbances are independent (Ben-Akiva 
and Lerman, 1985). However, this assumption is implausible 
because rather than being independent, the disturbances are 
reasonably assumed to be perfectly correlated. In addition, 
ordinary least square (OLS) regression analysis is an 
inappropriate technique to apply to ordinal level dependent 
variables.
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The OLS model fails to describe the observed data which 
is due to the inherent loss of information that is introduced 
when the continuous dependent variable is measured by 
estimating techniques that group together and identify 
various portions of the scale (McKelvey and Zavoina, 1975). 
There is a correlation between the errors and regressors when 
OLS is applied to observed data. Consequently a bias is 
introduced into the estimates of /3s* which is dependent of 
the distribution of the independent variables. This bias has 
the undesirable effect of causing OLS to severely 
underestimate the relative impact of certain variables. For 
example, in an opinion survey, if the responses are coded 0, 
1, 2, 3, or 4, OLS regression would treat the difference
between a 4 and a 3 the same as that between a 3 and a 2, 
while in fact they are only a ranking variable. The ordered 
logit and probit models have been used as alternative 
framework for analyzing such responses (Greene, 1990; 
McKelvey and Zavonia, 1975).
In an ordered choice situation (which usually arise from 
survey data), additional information would be available on 
the ordinal ranking of the elements in a given choice set. 
This additional information can provide more precise 
estimates of the unknown parameters and can be employed to 
test some of the underlying assumptions of the probability 
model specification. The probability model specification
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then yields the probability of the complete ordering instead 
of only the most preferred element.
Several models have been developed for aggregating 
individual preferences, expressed as ordinal rankings, into 
a compromise or consensus ranking. Levenglick (1975) and 
Richelson (1978) have investigated the similarity of the 
models in regard to their properties and underlying 
structure. Cook, et al. (1983) examined three established 
techniques employed to aggregate ordinal rankings —  pairwise 
majority rule, the Borda-Kendall, mean and the Kemeny-Snell 
median. These three techniques produced the same optimal 
results when a simple form of transitivity was present. 
McKelvey and Zaviona (1975) presented a comparison between 
the regression analysis model and the dichotomous probit 
model in analyzing of ordinal level dependent variables of 
Congressional voting on the 1965 Medical Bill. The authors 
concluded that regression analysis failed to capture the true 
relationship between the independent and dependent variables 
and suggested that nonlinear model of a different error 
structure to account for data relationship. Other ordinal 
ranking methods include multinomial logit (McFadden, 1986) 
and rank order logit, probit, and tobit (Greene, 1990).
In two recent studies, Beggs et al. (1981) and Hausman 
and Ruud (1986), the authors explored the possibility of 
using an ordered logit specification when respondents provide 
their rankings of the full set of alternatives in addition to
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identifying the most preferred choice. Beggs et al. (1981) 
assessed the potential demand for electric cars using an 
ordered logit model. Each surveyed respondent was asked to 
rank order 16 car designs which differed over nine attributes 
(for example, seating capacity, maximum speed, price, and 
operating costs). Hausman and Ruud (1986) specified and 
tested econometric models for rank ordered data with an 
application to the demand for mobile and portable telephones.
Theoretical and experimental work in the areas of 
preference, ranking, and choice models are frequently 
formulated in terms of random utility models (Luce and 
Suppes, 1965). A choice model can be shown to be a random 
utility model even when the initial motivation is rather 
different. Within the choice modeling literature, Luce's 
(1959) choice model has been commonly cited and Luce's choice 
model (1977) has been reviewed extensively partly because 
both the ranking and choice probabilities can be written 
simple functions of the binary choice probabilities.
a. The Random Utility Model
The past decade has seen the rapid development in 
econometrics of a variety of random utility models and 
statistical methods, and an increasing use of these 
techniques in social sciences and business. Continuous 
decisions, such as quantity purchased or duration of spells 
between purchases, can also be modeled in terms of random
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utility maximization, either alone or with discrete choices 
(Amemiya, 1985; Dhrymes, 1986; Maddala, 1986).
The random utility model approach to valuing 
environmental amenities of recreation sites (Hanemann, 1984; 
Crookshank and Mackenzie, 1990) parallels the referendum 
contingent valuation approach in which recreationists' visits 
and non-visits to alternative recreation sites are treated as 
"votes" from which a utility index can be estimated using 
discrete choice methods. This utility index can then be 
employed to derive a compensated willingness-to-pay to 
estimate site quality.
The basis of a random utility model can be defined as 
follows. Suppose a decision maker i ( i = l ,  2, ...., I),
faces a vector of attributes of the alternatives Z .., where 
X. is a vector of characteristics of the decision maker i, 
then the specification of the probability choice for 
alternative k is,
u<k (Zfkr X,) a U„ (Z„, X,), j-k [3.6]
The random utility function Uik associated with a 
discrete alternative should be interpreted as the maximum 
utility attainable by the decision maker i, given his budget 
constraint and a fixed alternative j . Then Ufk is a function 
of income and prices, including the price of alternative j. 
The sources of randomness in the utility function are
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unobserved variations in tastes and in the attributes of 
alternatives, and errors of perception and maximization by 
the decision maker i (McFadden, 1980). Therefore, decision 
maker i's utility function is decomposed into a deterministic 
and a stochastic component:
where V (Z i j, Xj) is the utility for the representative 
individual and is a deterministic component of the model, 
while is the stochastic component and is assumed to follow 
some distribution function. If a researcher assumes these 
two components are independent and additive, the model can be 
written in the form as:
The presence of the random error term in equation (3.8) leads 
to this model being described as a random utility model. 
Thus the choice probability for k alternative can now be 
expressed as:
[3.7]
[3.8]
[3.9]
which can be rearranged as:
= rrob («„ - e|t < v,k - v,j), j*k
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where P-k is the probability that decision maker i chooses 
alternative k. Assuming that the error terms (e) are 
independent and identically distributed normal variate, the 
error terms then follow a normal distribution and result in 
a probit model. McFadden (1974 and 1986) has demonstrated 
that if the error terms (e^) are assumed to be independently 
and identically distributed (IID) according to a Weibull 
variate (or double exponential), given by
Prob (e.j < X) = exp [- exp ('x)] [3.12]
then the resulting probabilities of choosing alternative k 
results in a multinomial logit model because it is the 
multiple choice generalization of the binary logit model and 
has the form: (Beggs et. al, 1981; Ben-Akiva and Lerman,
1985; Train, 1986; Anderson and Philips, 1981, McFadden, 
1976):
pJt , . [3.13]
£  exp(v0 )
3 -  i
An important implication of equation (3.13) is that the odds 
given by
£ i k  = exp (yJJb) 
P i j exp (v ± j ) [ 3 . 1 4 ]
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That is, (Prob^/Probj.) which does not depend on V-t for any 
t other than j or k is consistent with an axiom developed in 
decision theory called the independence of irrelevant 
alternatives axiom (Luce, 1959). For this condition to be 
true, the relative odds of two alternatives being chosen must 
be independent of the presence or absence of a third
alternative. In addition, the error terms (e^ -) of the 
indirect utility functions must not be correlated (McFadden, 
1986; Ben-Akiva and Lerman, 1985). The probabilistic 
interpretation of this axiom is that the ratio of two
probabilities representing two alternatives should not depend 
on the total set of available alternatives, although the 
probabilities themselves change with the set of available 
alternatives. To operate the choice probability expression 
in equation (3.13), the functional form of the deterministic 
component of the random utility model must be specified 
(Chapman and Staelin, 1982). For example, a linear in 
parameters specification assumption would lead to
N
V i j - £  B i j n [3.15]
J2-1
where Bjjn = Bijn (Z,.., Xf) is the measured value of attribute 
n for alternative j to decision maker i and S is the
relative importance of attribute n to the sample of decision
makers. The 6 values in equation (3.15) are the parameters 
of the random utility model to be estimated from the
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available sample choice set data. The probabilistic choice 
model in equation (3.13) may be estimated by maximizing the 
likelihood function. Maximum likelihood estimates are, in 
general, consistent and asymptotically normally distributed, 
such that approximate large sample confidence bounds on 
parameter estimates may be constructed and hypotheses may be 
tested.
b. Extending the Random Utility Model for Rank Ordered Data
The random utility model operates on the principle of 
revealed preference in which the alternative chosen by the 
decision maker is assumed to be preferred to all other 
alternatives in the decision maker's choice set (Chapman and 
Staelin, 1982) . The basic estimation method can be extended 
to a complete rank ordering of all of the alternatives in the 
decision makers' choice sets. Luce and Suppes (1965) 
developed a Ranking Choice Theorem for relating ranking 
behavior to choice behavior, within the class of choice 
models of which the random utility model is a member. 
According to Luce and Suppes' Ranking Choice Theorem, V,-j in 
equation (3.8) can be specified in a particular linear form 
such that V,j = Hjj/3 where Hjj 's are combinations of X, and 
Zjj's and /? is a vector of unknown parameters. For an 
individual, the ranking of the J choices as R{ = (r.,, ..rj)
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can be written so that the probability of his observed 
ranking is
j
Pi(Ri)= Prob(uzl > ul2 2. . .2 urj)= n  Prob(uxj. * uzj) [3 .16]
r-i
The left hand side of equation (3.16) is the joint 
probability that alternative 1 is preferred to alternative 2 
which is preferred to alternative 3, and so on to alternative 
J-l which is preferred to alternative j , for decision maker 
i. The right hand side of equation (3.16) is the statistical 
definition of independence of the events (Up1 > UrJ., j = 1,
2 / t Jj) , (^ r2 ~ r^j ’ 3 = 2 , 3, ...... J.j) , . . . . , Ji -1 “
UrJ. ). The statistical independence condition expressed in 
equation (3.16) implies the concept utilizing the information 
content in preference rank ordered choice sets (Chapman and 
Staelin, 1982).
To illustrate the use of the rank order rule, consider 
an automobile choice selection process in which a decision 
maker is observed to rank order his or her preference set of 
automobiles in the following manner: Honda is preferred to 
Toyota which is preferred to Nissan which is preferred to 
Ford. Applying the rank order rule, one can form three 
choice sets (Honda preferred to Toyota, Nissan, and Ford), 
(Toyota preferred to Nissan and Ford), and (Nissan preferred 
to Ford). These three decomposed rank ordered choice sets
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are statistically independent as they can be viewed as 
equivalently being obtained from independent decision makers.
Gurland, Lee and Dahn (1960) and Cox (1970) have derived 
equation (3.13) in bioassay analysis by a priori assuming a 
logistic distribution of tolerance. A number of economic 
applications can be found in Boskin (1972), McFadden (1978,
1986) and Chapman and staelin (1982). The following section 
outlines some of the steps and methods in applying conjoint 
analysis.
Alternative Steps and Methods in Applying Conjoint Analysis
This section will present a brief review and summary of 
the various steps involved in applying CJA. The various 
steps in CJA and the alternative methods of implementing each 
of the steps are summarized in Table 3.5 developed by Green 
and Srinivasan (1978). An important objective for empirical 
research is to identify the combination of methods that 
provides the maximum predictive validity for a given amount 
of the respondent's time. The best combination will depend 
on the type of product or service, the present market 
environment, the number of relevant attributes, and the type 
of respondents. Different studies will entail several 
different combinations, each dealing with a separate part of 
the data collection and analysis (Green and Srinivasan, 
1978). A short discussion on each of the steps is discussed 
below.
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Table 3.5 Steps Involved in Implementing Conjoint
_____________Analysis_______________________________________
Alternative Methods of 
__________ Steps______________  Implementation____
1. Selection of a model 
of preference
2. Data collection 
method
3. Stimulus set 
construction for the 
full-profile method
4. Stimulus presentation
5. Measurement scale for 
the dependent 
variable
6. Estimation method 
(computing algorithm)
a. Selection of an additive 
multiplicative versus a 
preference model
b. Vector model, ideal-point 
model, part-worth function 
model, and mixed model
Two-factor-at-a-time (trade­
off analysis), full-profile 
(concept evaluation) methods
Full or partial factorial 
design, random sampling from 
multivariate distribution
Verbal description (multiple 
cue, stimulus card), paragraph 
description, pictorial or 
three-dimensional model 
representation, combinational 
presentation (matrix plus 
pictorial, etc.)
Paired comparison, rank-order, 
rating scales, constant-sum 
paired comparison, category 
assignment
M0NAN0VA, PREFMAP, LINMAP, 
Johnson's nonmetric trade-off 
algorithm, LOGIT, PROBIT, 
multiple regression
Source: Paul E. Green and V. Srinivasan, "Conjoint Analysis
in Consumer Research: Issues and Outlook,"
Journal of Consumer Research. Vol. 5, No. 2, 
September 1978, pp. 105.
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Selection of a Preference Model
Researchers commonly assume a theoretical preference 
model for the population being investigated and the data is 
used to estimate the parameters of the model for the entire 
population or for each individual respondent in conjoint data 
measurement (Wharton and Srinivasan, 1988). A brief 
description of the theoretical preference models most 
frequently used in the analysis of conjoint data measurement 
will be described in the section below.
A preference model is additive in CJA measurement when 
its function is a polynomial of some degree greater than one. 
The most common polynomials are additive, for example, x1 + 
x2 + x3; an(* multiplicative, for example, x1 x2 x3. An
application of an additive model implies that a respondent's 
total utility for a multiattribute alternative is represented 
by the sum of the individual attribute utilities. Thus, for 
an additive model, a set of unidimensional utilities that is, 
an interval scale with common unit, will be defined, one for 
each attribute such that the ordering of the component1 s sums 
preserves the ordering of the dependent variable. The 
multiplicative conjoint measurement includes finding a 
utility value for each of the attributes such that when 
multiplied together, their pairwise products have the same 
rank order as the data. These two model formulations are 
equivalent in the sense that if either fits the data, so will 
the other (Rao, 1977). For example, if the model takes the
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logarithm of multiplicative utilities, it will produce a set 
of additive utilities for which pairwise sums have the same 
rank order as pairwise products of the original values. The 
following discussion centers on some broad issues of additive 
conjoint measurement.
Preference Models of Additive Conjoint Measurement
A detailed discussion on the issue of additivity with 
respect to conjoint measurement can be found in the 
literature (Green and Carmone, 1974; Green and Wind, 197 3; 
Luce and Tukey, 1964). First, let p = 1, 2,...,t represent 
the set of t relevant attributes that have been selected. 
Next, let Yjp represent the level of the pth attribute for the 
jth stimulus. The vector model of preference (referred to as 
the composite criterion model) suggests that the preference 
Sj for the jth stimulus is given by (Green and Srinivasan, 
1978) :
Si = E W, [3 .17]
P ” 1
where Wp are the individual's weights for the t attributes. 
Geometrically, the preference Sj can be represented as the 
projection of the stimulus point Yjp on the vector Wp in the 
t-dimensional attribute space.
The ideal-point model suggests that the preference Sj is 
negatively related to the squared (weighted) distance dj2 of
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the location Yjp of the jth stimulus from the individual's 
ideal-point Xp, where dj2 is defined as:
d* = E  "r<r*rxJ ‘ t3-18]
p - 1
The stimuli that are closer to the ideal point (smaller dj2) 
will be the more preferred ones (larger Sj) . Simultaneously 
estimating of Wp and Xp is conceivable for the weighted 
Euclidean measure of distance as specified in equation (3.18) 
(Green and Srinivasan, 1978). Thus, the stimuli which are 
closer to the ideal point will be more preferred.
Lastly, the part-worth model posits that the preference
S. for the jth stimulus is defined as:
s j  =  E  '3 -19>
p - i
where fp is the function denoting the part-worth of different 
levels of Yjp for the pth attribute. In general, fp(Yjp) is 
estimated only for a selected set of levels for Yjp (normally 
three or four) , with the part-worth for intermediate Yjp 
obtained via linear interpolation. Thus, the part-worth 
function is represented as a piecewise linear curve. The 
part-worth function approach has been employed widely, due in 
part to the simple interpretability of the graphically
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displayed attribute part-worth functions and the flexibility 
in permitting different shapes for the preference function 
along each of the attributes (Green and Srinivasan, 1978).
Lexicographic and conjunctive rules are two additional 
preference models that have been suggested for describing the 
decision process of consumers selecting from among 
multiattribute products (Russ, 1971? Hansen, 1976). 
Empirical research has shown that vector model type of 
preference model adequately describe the decision making 
process in most cases (Green and Srinivasan, 1978).
Data Collection Alternatives
Data collection procedures in CJA generally involve 
variations on the following two basic procedures:
a. the two-factor-at-a-time procedure (also referred 
to as trade-off, pairwise, factor evaluation or 
matrix procedure (Johnson, 1974)) and,
b. the full-profile approach (also referred to as the 
concept evaluation or the multiple-factor- 
evaluation method)
The two-factor-at-a-time (TFT) is simple to use and 
reduces information overload on the part of the respondent. 
In this approach, attributes or factors are weighed in pairs, 
and the respondent is required to rank all possible 
combinations of levels generated from a pair of attributes. 
For example, any two attributes both having three levels 
would generate nine possible combinations, and the 
respondents will rank these nine possible combinations
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according to preference or taste. This process is repeated 
across all possible pairwise combinations of attributes. The 
estimation procedure consists of finding a set of individual 
attribute utilities or part-worths so that their pairwise 
sums have the desired rank orders (Johnson, 1974 and 197 6; 
Fielder, 1972; Westwood et al., 1973).
The full-profile (FP) approach involves presenting 
respondents with a number of hypothetical product concepts, 
where each concept is described in terms of a specified level 
for each attribute factor. For example, given three 
attributes each with two levels, the total number of concepts 
resulting from all possible combinations of all attribute 
levels will be 23 = 8 , and every concept will have one of 
these combinations of attribute levels (Green and Rao, 1971; 
Green and Wind, 1975). The respondent is then asked to rank 
these eight combinations according to his preferences. This 
rank data can then be used to estimate the utility values or 
part-worth fitting to each attribute level.
Stimulus Set Construction and Related Issues
Marketing studies employing CJA have generally utilized 
hypothetical stimulus descriptions which allow the researcher 
to compare predicted behavior with the actual respondent 
behavior towards real products or services. A common 
formulation for hypothetical stimulus descriptions is 
defining a number of levels for each of the attributes over 
the range of attribute variation. The number of possible
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stimuli to be evaluated becomes very large when a full 
factorial design is employed. For example, consider a design 
with only five attributes, each at three levels, producing a 
35 design or 243 combinations. Difficulty arises when 
evaluating 243 objects at one time. However, this difficulty 
can be resolved through utilization of fractional factorial 
designs (Green, 1974). The researcher trades off the 
measurement of all possible interaction effects when 
utilizing fractional factorial designs to obtain a smaller 
number of replicates. With this classification of designs, 
the researcher assumes that all higher-order interactions 
(three-factor and beyond) are negligible (Winer, 1973). A 
common category of fractional factorial design is the Latin 
Square Design that can achieve a high parsimony in number of 
combinations by neglecting all interaction effects.
Two (orthogonal) Latin Squares can be combined to obtain 
a Graeco-Latin Square. Based on this concept, several 
orthogonal arrays could develop more highly fractionated 
designs in which all main effects can be estimated, assuming 
no interactions among the factors. Such arrays represent the 
most parsimonious set of designs available for main-effect 
parameter estimation (Green, Carroll, and Carmone, 1978; 
Green, 1974).
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Presentation of Stimulus to the Respondents
Three primary approaches have been utilized in 
presenting the hypothetical product profiles to the 
respondents (Green and Srinivasan, 1978):
a. verbal description
b. paragraph description, and
c. pictorial representation
Respondents are asked to either rank or rate attributes 
on a scale given a set of stimulus cards with each card 
defining the levels of each of the given attributes in the 
set. The main advantage of this procedure is its simplicity 
and the efficiency in data collection. The paragraph 
description approach, on the other hand, can provide a 
realistic and complete description of the stimulus (Hauser 
and Urban, 1977). However, this approach will limit the 
stimulus descriptions to a smaller number. Pictorial 
representation uses various kinds of visual aids and three 
dimensional models. In this approach, informational overload 
is reduced, higher homogeneity of perceptions can be obtained 
and it is less fatiguing to the respondent. The choice 
between the three approaches often depends on the importance 
of imagery and cost considerations (Green and Srinivasan, 
1978).
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Measurement Scale for the Dependent Variable
The dependent variable utilized in CJA is usually stated 
as overall preferences or intentions to purchase. The type 
of measurement scale for the dependent variables in CJA can 
be categorized into the following two classifications (Green 
and Srinivasan, 1978):
a. nonmetric (paired comparisons and rank order)
b. metric (rating scale assuming approximately 
interval scale properties, and ratio scales 
obtained by constant-sum paired comparisons)
A dependent variable may be nonmetric but the estimated 
parameters of CJA will have interval-scaled properties. The 
metric methods offer an advantage in terms of having an 
increased informational content which is expected to decrease 
as the ratio of number of stimuli to the number of parameters 
becomes large (Green and Srinivasan, 1978).
The nonmetric method is an easier means for the 
respondent to express an overall preference rather than 
provide the magnitude of preference. The data analysis based 
on a nonmetric dependent variable allows the part-worth 
functions to be confined in either an additive or 
multiplicative nature (Green and Srinivasan, 1978).
Selection and Specification of Computational Algorithm for Data Analysis
Once the model has been selected and the data collected, 
the analysis of CJA data involves estimation of the
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parameters of the model. Numerous algorithms for estimation 
procedure have been proposed and compared over the last 2 0 
years. The most commonly known algorithm for estimating the 
parameters in CJA are MONANOVA (Kruskal, 1965), PREFMAP 
(Carroll, 1972) and LINMAP (Srinivasan and Shocker, 1973). 
LINMAP differs from MONANOVA and PREFMAP in that it uses 
linear programming in optimization while the other two 
algorithms base their optimization on classical calculus 
methods.
Metric methods that perform well for interval dependent 
variables include Ordinary Least Squares (OLS) regression, 
and Minimizing Sum of Absolute Error (MSAE) regression 
(Srinivasan and Shocker, 1973; Carmone, Green and Jain, 
1978). OLS is applicable only when the dependent variable is 
intervally scaled. Other methods which relate paired- 
comparison data to the choice probability model include LOGIT 
(Ben-Akiva, 1973; McFadden 1976; Rao and Rosenfeld, 1979) and 
PROBIT (Goldberger, 1964; Rao and Winter, 1977).
A number of studies have been performed and published 
comparing the relative effectiveness of these various 
estimation methods. Cattin and Wittink (1976), Carmone, 
Green and Jain (1978) and Green, Wind and Jain (1972) have 
carried out simulation studies while studies by Hauser and 
Shugan (1977) and Rao and Solgaard (1977) focused on 
empirical analysis. Generally the results of these analyses
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showed only marginal differences in the estimation and 
validity of the various methods.
Advantages and Disadvantages of Conjoint Analysis
Advantages
The primary advantage of CJA is that respondents in CJA 
studies are forced to make explicit trade-offs in their 
decision making (Crane, 1989) . Individuals typically do not 
have the option of having more of every characteristic that 
is desirable and undesirable in the products or services they 
purchase. A trade-off in one of the characteristics in order 
to get more of another is involved in most decision-making. 
Another advantage of CJA is the possibility of obtaining 
information concerning the influence of an attribute on 
preference, even when the existing items in the marketplace 
do not vary the attribute (Cattin and Wittink, 1982). For 
example, the available brands may be offered at identical 
price but this does not mean prices should be excluded as an 
attribute in the CJA study.
Traditional research designs normally ask respondents 
which product characteristics and attributes are important to 
their decision making. These designs ask respondents to 
state their preferences directly, without specified ranges of 
variation. In the absence of trade-offs, the findings reveal 
that all attributes are equally important in the respondent's 
decisions (Crane, 1989). CJA, on the other hand, calculates
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the relative importance of various product attributes 
indirectly. The technique permits respondents to make 
choices or trade-offs identical to those they face in the 
marketplace, within a specified range of variation. In 
addition, the technique also reveals to the respondent the 
market sensitivity and indifference towards various 
attributes of a product, including price (Hair, Jr, et al.,
1987) .
Another major advantages of CJA is the development of 
utility values for each attribute. Generally, a piecewise 
linear curve is developed instead of a complete curve 
representing the relative preference or utility for each 
attribute (Green and Srinivasan, 1978). This graphic 
representation provides an easily understood summary of 
preferences for the attributes, over a range of levels.
Disadvantages
There are constraints in application; however, the 
requirement that each attribute be divided into discrete 
levels is a potential problem. The difficulty lies in 
dividing attribute levels objectively into such categories as 
durability or styling. There are no objective standards to 
define such divisions. The value of trade-off analysis is 
limited further when products or services have only one or
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two important attributes or where little explicit attention 
is given to trade-offs because the costs or risks are low 
(Hair, Jr., et al., 1987; Crane, 1989).
One of the general concerns when employing CJA is the 
question concerning the reliability of responses from 
interviewees. The trade-offs involved in comparing 
alternative hypothetical products may seem quite unrealistic 
in a CJA study. If the preference judgments involved 
hypothetical products representative of what is available in 
the marketplace, the interviewee may not have any difficulty 
providing realistic evaluations. However, if the
hypothetical objects differ considerably from the actual 
products available in the marketplace, the responses may not 
be representative of how an individual would actually respond 
in a marketplace. The application of CJA may be severely 
limited if the quality of preference judgments decline (Hair, 
Jr., et al., 1987; Crane, 1989; Green and Srinivasan, 1978).
Summary
This chapter has provided a discussion of current 
research in multidimensional decision making processes via 
CJA that are utilized in various disciplines, with extensive 
application in the private sector and a greater potential for 
applications in the public sector. This particular method 
has been discussed in terms of its historical development, 
the assumptions employed, the algorithms and estimation
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techniques used, and basic theoretical constructs and 
applications. Many opportunities exist for extending present 
CJA techniques for application to a variety of environmental 
and resource management issues. The next chapter develops a 
CJA application relevant to wildlife resource management 
through development of a case study concerning Louisiana's 
waterfowl hunting.
CHAPTER IV
A CONJOINT ANALYSIS APPROACH FOR ESTIMATING WILLINGNESS-TO- 
PAY FOR WETLAND-BASED RECREATION ACTIVITIES
Introduction
Despite the numerous applications of CJA in marketing 
for the development of consumer choice measurement 
techniques, relatively few studies in recreation have sought 
to employ CJA as a modeling technique within the framework of 
its mathematical structure. Researchers in recreation 
studies have instead employed conventional non-market 
estimating techniques in modeling non-market amenities. 
These have included hedonic price analyses and survey methods 
such as the contingent valuation method (CVM) and the travel 
cost method (TCM), used to assess benefits derived from non- 
market amenities. While by their nature methods such as TCM 
and CVM are indirect, the literature distinguishes between 
indirect methods, hedonic and TCM, and direct methods such as 
CVM. The distinction is based on directly asking or 
inferring willingness-to-pay (WTP). They are all however 
employed without direct observations of consumer evaluations 
in actual markets. Typically, these studies call for further 
verification of the results.
CJA measurement, first introduced in the marketing 
literature by Green and Rao (1971), provides an extensive 
estimating technique in which individuals' utilities for a
124
125
particular choice object's attribute levels may be derived. 
This estimating method provides a means for generating 
predictions of individual preferences from derived utility 
values via the use of rank order or paired comparison 
preference data (Zufryden, 1979). Recent studies by 
Mackenzie (1990 and 1991) compares the framework of CJA 
techniques with other environmental valuation approaches, and 
illustrates how the CJA method offers superior informational 
efficiency when compared with conventional non-market 
approaches.
Given the multiattribute nature of wetland-based 
recreation activities, the CJA approach could become a 
particularly attractive technique for researchers and 
resource managers. For example, in the case of wetland 
recreation such as waterfowl hunting, this technique can 
ascertain the ranking or rating of the hunters' hunting 
utilities for a given set of hunting characteristics and 
attributes.
This chapter presents a case study applying the CJA 
technique to estimate the demand for and willingness-to-pay 
for a Louisiana wetland based waterfowl hunting experience. 
Waterfowl hunting was chosen as an area of study using the 
CJA estimating technique because waterfowl hunting in 
Louisiana has traditionally been an important use of 
Louisiana's extensive coastal and inland wetlands. Waterfowl 
related activities generate millions of dollars for
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Louisiana's economy annually, with duck and goose hunting as 
one of the most significant sporting activities. For 
example, in 1985, Louisiana's waterfowl hunters spent 
$118,561,100 for trip-related items (Louisiana Cooperative 
Extension Service, 1989).
The application of the CJA estimating technique enables 
researchers to identify waterfowl hunters' rating of 
hypothetical waterfowl hunting trip preferences related to a 
set of prespecified hunting attributes and experiences. The 
technique focuses on waterfowl hunters' ranking or rating of 
alternative hypothetical waterfowl hunting trips described 
according to a given set of attributes. This facilitates the 
valuation of changes in the level of attributes at all sites 
or at a subset of sites. From the CJA technique, a 
researcher can ascertain the number of hypothetical hunting 
trips waterfowl hunters are willing to rank or rate. 
Rankings and ratings obtained from CJA have only ordinal and 
not cardinal significance. In addition, rating variables are 
categorical rather than continuous. A common statistical CJA 
estimation technique involved is the rank order logit 
procedure.
Included in this chapter is a review of important 
waterfowl population trends and the status of waterfowl 
hunting in the United States (U.S) and Louisiana. The next 
section provides a review of rank ordered logit analysis and 
establishes the basis for the multiattribute rank ordinal
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responses. Data collection procedures, including conjoint 
and survey design, are explained in the next section. Model 
specification for the empirical analysis is then developed.
Trends and Status of United States Waterfowl
Migratory birds provide a basis for many consumptive and 
nonconsumptive recreational experiences, as these birds may 
be hunted, simply viewed, or photographed. Unlike most 
consumer goods, migratory birds are a fugitive resource and 
are not priced in a market and their value to recreationists 
generally goes unmeasured. As a direct consequence, the 
value of wetlands used in supporting the birds also goes 
unmeasured.
Migratory birds generally nest in the northern areas of 
the North American continent in the summer and fly south in 
the fall and winter. The major wintering areas are in the 
southern United States and Central America. According to the 
United States Fish and Wildlife Service (USFWS), 1990 over 12 
million ducks nest and breed annually in northern U.S. 
wetlands. This area, when combined with similar habitat 
regions in the Canadian prairies, accounts for over 60 
percent of the continent's breeding duck population. 
Waterfowl banded in North Dakota have been recovered in 46 
States, 10 Canadian provinces and territories, and 23 other 
counties. The rolling, pothole-pocked farmlands of central 
and southern Alberta, Saskatchewan, and Manitoba, together
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with parts of neighboring states of North Dakota, South 
Dakota, and Minnesota, provide the prime duck producing areas 
of the continent. The region comprises only 10 percent of 
the total continental breeding grounds, but produces about 55 
percent of the total duck population in an average year 
(Hammack and Brown, Jr. 1974).
Some 2.5 million of the three million mallards in the 
Mississippi Flyway and nearly 100 percent of the nation's 
four million wood ducks spend the winter in flooded 
bottomland forests and marshlands throughout the south 
(USFWS, 1990). Mallards, wood ducks, blue-winged and green­
winged teal, gadwall, American widgeon, black ducks, pintail 
and Canada geese are the most common waterfowl harvested by 
Mississippi and Atlantic flyways hunters (Soutiere, 1989).
In 1977, there were about 1.1 million adult waterfowl 
hunters in the 14 Mississippi and 17 Atlantic flyway states, 
recording a total of 9.4 million hunting days. A decade 
later, this number had decreased to about 800,000 adult 
waterfowl hunters (a 27 percent decrease) and a recorded 6.5 
million hunting days (a 3 0 percent decrease) , with an average 
of seven days per hunter (Soutiere, 1989). Soutiere suggests 
that the decrease in waterfowl hunting, especially goose 
hunting, signifies hunters' difficulty in gaining access to 
waterfowl hunting areas and congestion on hunting areas, 
particularly in the South. In addition, waterfowl hunters in 
Louisiana and throughout the nation are facing sharply
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shortened hunting seasons and bag limits due to a major 
decline in duck population. According to Cockerham and Helm 
(1985), the predicted Fall Flight Index for 1990-91 is 
projected to be only 62 million, the lowest ever projected 
since the annual surveys started in the 1950's, and 22 
percent below the 1984 level.
The wetlands that waterfowl depend on throughout their 
life cycle for food, rest, nesting, and reproduction are 
disappearing at an alarming rate. Of the original 24.7 
million acres of bottomland hardwood wetlands along the 
Mississippi River Deltic Plain, only 3 0 percent remained 
unaltered in 1969 (Wesley, 1987). The annual loss of such 
wetlands approached 200,070 acres per year (U.S. Department 
of Agriculture, 1971). Within North and South Dakota and 
Minnesota which include the major breeding habitat in the 
U.S., 335,117 acres of prime wetlands was destroyed or lost 
in the 10 year period from 1964 to 1974 (Wesley, 1987) . This 
loss amounts to approximately 10 percent of the total area of 
such habitat that existed in these states.
Trends and Status of Louisiana Waterfowl
Historically, more than two-thirds of the Mississippi 
Flyway's entire waterfowl population and a fourth of North 
America's dabbling ducks have wintered in Louisiana wetlands. 
Louisiana has a diverse assortment of habitat types, more 
than any other state in the Southeastern U.S. These include
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bottomland hardwoods (5,497,000 acres), mixed pine hardwoods 
(2,207,000 acres), pine (5,095,000 acres), upland hardwoods 
(1,725,000 acres), and farmland (7,600,000 acres) which is 
composed of row crops, pasture and rice (Louisiana Department 
of Wildlife and Fisheries, 1987). In addition, 41 percent of 
the U.S coastal marshes and 25 percent of the nation's 
wetlands are found in Louisiana. This wetland habitat is 
considered to be one of the world1 s largest and most 
biologically productive wetlands.
Two types of wetlands most critical to waterfowl in 
Louisiana are the coastal marshes and the forested wetlands. 
Coastal marshes in Louisiana account for about 41 percent of 
the U.S. coastal marshes (excluding Alaska) and 96 percent of 
those within the Mississippi flyway. The Louisiana coastal 
marshes cover approximately four million acres which is over 
50 percent of the total marsh acreage along the Gulf and 
Atlantic coasts of the U.S. (Louisiana Department of Wildlife 
and Fisheries, 1987). These coastal marshes are an important 
wintering area for North America's ducks and geese. About 29 
percent of these coastal marshes are freshwater marshes which 
are most productive for waterfowl (USFWS, 1990). Brackish 
marshes (about 16 percent of the coastal marshes) are 
considered the second most productive marsh type for 
waterfowl.
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Recently waterfowl breeding, nesting, and reproduction 
areas have been converted from wetlands and pothole areas to 
farmland at a greater rate. Migratory birds thus have become 
a limited fugitive resource in high demand. The situation is 
basically that of supply and demand, the dynamics of which 
are constrained such that supply cannot change overnight to 
balanced demand as in a classic economic scenario. A 
waterfowl hunter may be reluctant to invest in hunting ducks 
if the mandated daily bag limit becomes too restrictive. 
Thus, the effect of institutional restrictions on duck 
hunting may have considerable economic and socioeconomic 
effects on the waterfowl hunters and Louisiana. The mandated 
daily bag limit and a highly restrictive hunting season could 
mean a reduction in the number of waterfowl hunters and total 
revenue for the state, reflected by a lower rating by the 
respondents.
Bellrose (1976) noted that Louisiana's coastal wetland 
supports over one-half of the continental mottled duck 
population, with fall populations of 75,000 to 120,000 birds. 
It is estimated that approximately three to five million 
waterfowl funnel down into Louisiana's agricultural fields 
and coastal marshes every fall from the Central and 
Mississippi Flyways, two of the four major waterfowl routes 
in the U.S. Louisiana coastal marshes and adjacent 
ricefields have supported 369,000 lesser snow geese and
55,000 white-fronted geese in recent years (Boesch, 1982).
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Forested wetlands also provide habitat for several duck 
species, including mallards and wood ducks which accounts for 
over 25 percent of the statewide duck harvest (USFWS, 1990).
Waterfowl migrate from the Canadian nesting grounds 
through the Mississippi Flyway to Louisiana every Fall 
(Figure 4.1). Some species of teal have been known to 
migrate as far as Peru, South America, while millions of 
waterfowl winter in Louisiana's agricultural areas, swamps, 
and coastal marshes (Hammack and Brown, 1974). The Louisiana 
Department of Wildlife and Fisheries (LDWF) conducted an 
aerial waterfowl survey in January 1987 and reported that
2,548,000 ducks and 283,000 coots utilized the Coastal Zone 
and Catahoula Lake. Approximately 80 percent of the 
continental wood duck population migrates into Louisiana. 
Other game birds include rail, snipe and gallinules. The 
LDWF is also responsible for managing, regulating, and 
perpetuating waterfowl resources in Louisiana. The state 
operated refuges and wildlife management areas provide 
approximately 500,000 acres of waterfowl habitat (Table 4.1) . 
Mallards, wood ducks, blue-winged and green-winged teal, 
widgeon, pintail and Canada geese are some of the most common 
waterfowl harvested by Louisiana, Mississippi and Atlantic 
flyways hunters (Table 4.2).
Waterfowl are considered an economically important 
natural resource in Louisiana. Recent national expenditure 
information provides some insight regarding the impact of
Pacific
MississippiCentral
.Atlantic
CD
1 33
Figure 4.1 Major Waterfowl Flyways of North America
S o u r c e :  J u d d  H a m m a c k  a n d  G a r d n e r  M. B r o w n ,  J r . ,  W a t e r  l o w l
a n d  W e t l a n d s :  T o w a r d  B i o e c o n o m i c  A n a l y s i s , B a l t i m o r e ,  
MD:  J o h n s  H o p k i n s  U n i v e r s i t y  P r e s s ,  1 9 7 4 .
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Table 4.1 Louisiana Wildlife Management Areas and
Refuges: 1990
Wildlife Management 
Areas
Acreage Refuges Acreage
1. Alexander 7,875 Bogue Chitto N/A
2. Atchafalaya Delta 137,000 Catahoula N/A
3. Attakapas Island 25,500 Couleeone 700
4. Bens Creek 13,856 D 'Arbonne N/A
5. Big Lake 19,221 Lacassine N/A
6. Biloxi 39,583 Marsh Island 79,000
7. Bodcau 32,471 Rockefeller 84,000
8. Boeuf 38,403 Sabine
Waterfowl N/A
9. Bohemia 33,000 St. Tammany 1,075
10. Bosie Vernon 54,269 State Refuge 15,000
11. Fork Polk 109,855 Tensas N/A
12. Georgia Pacific 27,361
13 . Grassy lake 13,297
14. Jackson Bienville 30,845
15. Kisatchie National 
Forest
74,000
16. Joyce 15,609
17. Little River 2,944
18. Loggy Bayou 3,639
19. Manchac 8,325
to o • Ouachita 8,745
21. Pass A Loutre 66,000
22. Pearl River 40,302
23. Peason Ridge 33,488
24. Pointe Au Chein 29,927
25. Pomme De Terre 6,184
26. Red River 28,321
27. Russell Sage 84,00
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Table 4.1 Louisiana Wildlife Management Areas and 
____________Refuges: 1990 (continued)_______________
Wildlife Management Acreage Refuges Acreage
Areas
•
00 Sabine 14,780
29. Saline Island 8,103
30. Saline 60,276
31. Salvadore 30,600
31. Sandy Hollow 3,397
33 . Sherburne 27,030
34. Sicily Island 
Hills
6,569
35. Soda Lake 1,300
36. Spring Bayou 12,166
37. Thistlethwaite 11,100
38. Three Rivers 24,982
39. Union 12,397
40. West Bay 55,185
41. Wisner 21,621
Note: N/A = Not Available.
Source: Louisiana Department of Wildlife and Fisheries,
"Louisiana Hunting Regulations 1990-1991," Baton 
Rouge, Louisiana, Spring 1991, pp. 16.
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Table 4.2 Louisiana's Wintering Waterfowl;1990
American Widgeon 
Black 
Canada Goose 
Canvasback 
Gadwalls 
Hooded Mergansers 
Lesser Scaup 
Mallard 
Ringneck 
Ruddy 
Scaup 
Shoveler 
Snow Goose 
Teal 
Wood Duck 
White-Fronted Goose
Source: Donald W. Davis, "Wetlands Recreation:
Louisiana Style," in Paolo Fabbri (ed.)r 
Recreational Uses of Coastal Areas.
Kluwer Academic Publishers, Boston, 1990.
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waterfowl hunting on local communities. Waterfowl related 
activities can generate millions of dollars for a state's 
economy, with duck and goose hunting as one of the most 
significant sporting activities. These revenues benefit 
hotels, restaurants, gas stations, clothing merchants, 
recreational vehicles and equipment merchants, and other 
sectors of the economy. Based on data gathered by the U.S. 
Fish and Wildlife Service in a 198 0 national survey,
33,774,000 hunter-days and $500 million are spent annually 
in pursuit of ducks and geese (USFWS and U.S. Bureau of 
Census, 1982).
Louisiana has approximately 4,001,400 acres of 
marshlands, and over 500,175 acres of rice planted in 1984 
(Wesley, 1987). Together, these lands yield enormous 
recreational revenues for the state since most of these lands 
were leased for duck hunting. Hunters in Louisiana bagged 
2.8 million ducks in the 1977-78 season with the coastal 
marshes contributing about 63 percent of the total state 
waterfowl harvest (Boesch, 1982). According to the LDWF, in 
the 1984-1985 hunting season, $145,000,000 was spent annually 
for sport hunting in Louisiana, with waterfowl hunting 
generating an estimated total value of $21,000,000 (Table 
4.3) .
An estimated 96,109 adult hunters harvested 1,215,392 
ducks with an average bag of 12.02 ducks per hunter in the 
1985-1986 season in Louisiana. Goose hunters harvested
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Table 4.3 Estimated Monetary Value of Hunting in 
___________ Louisiana, for the Year 1986__________
Species
Estimated 
No. Hunters
Total 
Hunting 
Trips Made
Value 
of Trip 
($)
Total 
Value ($)
Deer 198,000 2,655,000 25.00 66,375,000
Squirrel 237,000 2,220,000 11.00 24,420,000
Rabbit 157,000 800,000 11.00 8,800,000
Quail 32,000 220,000 11.00 2,420,000
Dove 114,000 800,000 11.00 8,800,000
Waterfowl 
(ducks, 
geese, 
coots) 131,000 1,400,000 15.00 21,000,000
Turkey 15,600 118,000 25.00 2,950,000
Gallinule 4,300 20,000 11.00 220,000
Rail 7,400 35,000 11.00 385,000
Snipe 21,800 200,000 11.00 2,200,000
Woodcock 50,000 250,000 11.00 2,750,000
Raccoon 41,000 800,000 7.00 5,600,000
Fox 10,000 100,000 7.00 700,000
Bobcat 5,200 50,000 7.00 350,000
Total 146,277,000
Note: Estimates Computed from 1984-85 Mail Survey by
Louisiana Department of Wildlife and Fisheries
and National Hunting and Fishing Survey, 1986.
Source: Louisiana Department of Wildlife and Fisheries,
"Wildlife Resources of Louisiana", Baton Rouge, 
Louisiana, 1987.
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92,207 birds, with an average bag of 1.03 bird per hunter. 
Each goose hunter spent an average of 7.95 days in the field, 
while duck hunters spent an average of 12.5 days in the 
field. In the same season, the LDWF estimated some 34,000 
hunters harvested 263,000 woodcock.
In the 1987-1988 season, 97,000 hunters bagged 1.2 
million ducks, with the marsh contributing 50 percent of the 
total state waterfowl harvest (Van Sickle, 1988). These 
figures represent an eight percent reduction in the number of 
hunters, with the duck harvest basically unchanged from the 
previous hunting season. Goose harvest increased by 16 
percent in 1987-1988, approaching 60,000 harvested. White- 
fronted geese comprised 53 percent of the harvest with blue 
and snow geese accounting for the remainder. Other species 
harvested include the green-winged teal (21 percent), mallard 
(20 percent), blue-winged teal (19 percent), wood duck (10 
percent), gadwall (9 percent) with pintail, shoveler, widgeon 
and ring-necked accounting for the remainder.
Van Sickle (1989) has noted that at the state-wide 
level, there are 252,000 state and nonresident waterfowl 
hunters who spent 2,118,000 hours hunting waterfowl. This 
total is based on the 537,000 hunters that hunted all type of 
game. On the national level, there were 75 million hunters 
that hunted all types of game with four million hunters 
spending an average of 35.4 days per year hunting waterfowl. 
The average number of days spent hunting waterfowl in
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Louisiana in 1989 was 12 days per year, with total 
expenditures of $21 million, compared to eight days per year 
with total expenditures of $1.1 billion at the national 
level.
Over 90 percent of migratory bird hunters hunt only in 
their state of residence (USFWS, 1988), with a total of 68 
percent hunting on private land (Langner, 1987). In a 198 0 
survey of hunters, 3.1 percent of migratory bird hunters paid 
an average of $61 private land access fees to hunt (Langner, 
1987). In an earlier survey of only waterfowl hunters, 13.8 
percent and 8.7 percent of the hunters in the Mississippi and 
Atlantic flyways paid a private property fee or leased land 
respectively (Table 4.4). Hunters paid a fee most commonly 
in the Southern, Gulf Coast, and Chesapeake Bay Region states 
(Soutiere, 1989). Fees charged for waterfowl hunting vary 
considerably, depending on the services provided, the 
perceived quality of hunting opportunity, the value of the 
duck, and hunter's demand, which is influenced by the 
availability of public and private hunting areas (Table 4.1) . 
In the southern states, waterfowl leases ranged from $4 to 
$50 per acre for choice areas (Shelton, 1987). Commercial 
guides and hunters in Delaware and Maryland paid annual 
leasing fees of $4,000 to $4 0,000, but the common fee in 1988 
was $10,000 per farm. These annual fees for hunting rights 
reflect the perceived quality of the hunting opportunities 
and had no association with the size of the farm.
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Table 4.4. Examples of Fees Charged for Waterfowl 
Hunting on Selected Areas in the United 
States
Location Arrangement Fees ($) Comments
New Castle 
Co. ,
Delaware0 Daily
250 per 
hunter
Hunting with 
lodging and 
meals.
Everything except 
shells, game 
cleaning and 
gratuities
West Iowa°
Annual
lease 5,000
20-acre flooded 
impoundment plus 
use of house. 
Near federal 
refuge.
South
Illinois15 Daily
50 per 
hunter
Goose blind use 
only
SW Louisiana*5 Daily
250 per 
hunter
Includes
everything except 
shells, game 
cleaning, and 
gratuities.
NE Louisiana15
Annual
lease
3.500 to
7.500 per 
blind
Ten flooded 
acres, with 
blind, in rice 
field or green- 
tree reservoir
Cameron
Parish,
Louisiana*5
Annual
lease
18.75 to 
31.25 per 
acre
Four blinds in 
640 acres of rice 
field: no 
services? lease 
included 
clubhouse
Kent County, 
Maryland8 Daily
270 per 
blind
Goose blind use; 
maximum of 5 
hunters ? decoys 
provided. Add $80 
for guide
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Table 4.4. Examples of Fees Charged for Waterfowl 
Hunting on Selected Areas in the United 
____________ States (continued)______________________
Location Arrangement Fees ($) Comments
North
Carolina8 Daily
70 to 75 
per 
hunter
Tundra Swan hunt. 
Guide pit, and 
decoys provided.
Dodge County, 
Wisconsin8 Daily
Free up 
to $7 per 
hunter
Canada goose 
hunting near 
Federal Refuge. 
Crop depredation 
common.
a. Source: Edward C. Soutiere, I. Matarese and L. M.
Graham, "Natural Resources Management and 
Income Opportunity Series," In Fish and 
Wildlife Management: Waterfowl. West Virginia 
University Extension Service, Morgantown, WV, 
1987.
b. Source: D. E. Wesley, "Socio-Duckonomics," In Valuing
Wildlife-Economic and Social Perspectives. D. 
J. Decker and G. R. Golf (eds.), Westview 
Press, Boulder: Colorado, 1987, pp. 136-142.
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Questions arise as to whether waterfowl hunters can play 
a role in the marketplace in which lands, specifically 
wetlands, are bought, sold, and leased. According to a 1980 
National Survey of Fishing, Hunting, and Wildlife-Associated 
Recreation (USFWS and U.S. Bureau of Census, 1982), over 35 
percent of the respondents made $25,000 or more per year. 
More than 10 percent of those responding to the survey 
reported incomes of over $40,000. In a 1984 Ducks Unlimited 
survey of its own members, it was reported that over 53 
percent reported incomes of over $35,0000 annually, and over 
32 percent disclosed incomes greater than $50,000 (Wesley, 
1987) . These figures indicate that waterfowl hunters have 
the financial resources to support a recreational demand for 
wetland activities.
According to the choice behavior modeling paradigm, 
waterfowl hunters evaluate each available hunting alternative 
in terms of its attributes, assessing the relative importance 
of the attributes and ultimately choosing the hunting 
alternative with the greatest weighted aggregate score. 
Therefore, waterfowl hunters are assumed to rate or rank 
different hunting trip preferences to maximize their 
underlying utility functions, based on the attributes and 
characteristics of the hunting trips as well as their 
personal socioeconomic attributes. Although hunting trip 
attributes will differ among available alternatives, an 
individual hunter's attributes would remain constant. The
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decision to rate or rank different hunting trips reflects the 
multiple choice combination of hunters' attributes, trip 
attributes and characteristics that yield the greatest 
utility to the hunters.
The following section provides an example of CJA in 
estimating the demand for recreational amenities. Following 
this, a case study of Louisiana waterfowl hunting activity 
employing the conjoint design is investigated. The rank 
order logit model is then developed within this framework and 
discussed in terms of application to outdoor recreation 
activities such as waterfowl hunting.
Coitfoint Analysis Approach to Estimating the Demand for Recreational Amenities
Conjoint measurement, based on the theoretical work of 
Debreu (1960) and Luce and Tukey (1964), is designed for 
situations involving two or more independent variables 
affecting the rank ordering of a dependent variable. The 
method represents an extension of the referendum CVM approach 
which has similar methodological foundations as CVM and 
continent ranking (Mackenzie, 1990 and Goodman, 1989). The 
method involves decomposing a composite good into its 
constituent attributes and then asking respondents to rank 
their preferences for alternative bundles involving multiple 
attributes that varied simultaneously. The estimating 
technique involves a distinctive measure, such as perceived 
utility, thereby quantifying the subjective judgments of
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trade-offs between attribute levels. In addition, an 
empirical indirect utility index from which marginal rates of 
substitution between attributes and willingness-to-pay (WTP) 
estimates from the attributes can be derived (Mackenzie, 1990 
and 1991). Using CJA measurement, a researcher can draw 
inferences about a buyer’s attitudes and preferences toward 
specific components of a given set of alternatives. For 
example, the CJA estimating technique can be employed to 
estimate the form of the indirect utility function for a 
hypothetical waterfowl hunting trip, and willingness-to-pay 
estimates for an individual trip attributed to a set of 
attributes can be derived. The grouping of the preference 
data obtained using this method makes estimation of the 
indirect utility function convenient, and is consistent with 
the independent identically distributed assumption.
The basic approach to the theories of individual 
preferences and choices in decision making used in CJA is 
that of microeconomic utility theory. The objective of 
utility theory is to provide a means for the transformation 
of assumptions about desires into a demand function 
expressing the decision of an individual under some given 
conditions. This section provides a summary of the key 
concepts of utility theory that will be employed in this 
study to construct the rating preferences via CJA.
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Consider the following general utility function U = 
U(Z, K, X) , where Z is some priced good, K is unpriced 
environmental amenity and X is a numeraire good. If utility 
is strongly separable in Z, K and X, that is, if U = Utu’fZ) 
+ U2 (K) + U3(X)], then a variation in K has no effect on the 
demand for either Z or X, and the demand for K cannot be 
estimated using the conventional related-market methods 
(Freeman, 1979).
An individual consumer is considered to maximize the 
above utility function subject to his given budget constraint
Maximize U = U(Zf, Kf, X,-) [4.1]
subject to
n
£  p z i  z i + K i + p x i  * 1  = P  [4.2]
The lagrangean expression is as follows:
n
L R =  i H Z i . K i ' X j  + X H  -  £  P z i Z L + P k i K ± + P x i X i \ [4.3]
i-l
K can also be used as an input in producing Z in a household 
production function framework where Z can be priced, implying 
an indirect utility function
U, = U[Z(Pz, K, I) ; X) [4.4]
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where Pz is the price of Z and I is the household budget as 
expressed in equation (4.2) . The demand for K can be solved 
from an inverse demand function of Pz, where Pz = Pz (Z, K, I) 
(for example, Rosen's hedonic price method and Brown and 
Mendelsohn's HTCM), or the partial derivative of the dual 
expenditure function E = E(PZ, K, U0) with respect to K 
holding utility UQ constant. If Z is used solely as an input 
to the consumption of K, then the utility function becomes
The above general utility function can be formulated in 
the framework of a conventional travel cost method. Let Z 
represent recreation trips and K represent a site quality 
variable, then a recreationist will maximize the indirect 
utility function for recreation trip Z subject to income and 
time costs of the trips
U = U[K,(Z); X] = U[K{Z(Pz, I)); X] [4.5]
U = U[PZ, Ttz, Tsz, K, I, T] [4.6]
where
(Ttz + Tsz)Z = T - L [4.7]
PzZ = I - X [4.8]
T is the total time available, L is work hours, Ttz is travel 
time per recreation trip and Tsz is time on site per
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recreation trip. The recreationists also face a budget 
constraint, equation (4.8), where PzZ is the total 
expenditure on recreation trips, I is total income, and X is 
expenditures on other goods. The indirect utility function 
in equation (4.6) has two duals (Bockstael, Strand, and 
Hanemann, 1987): an income expenditure function
Following Hanemann (1984), the conventional open-ended 
CVM involves asking respondents to express their willingness- 
to-pay (WTP) or willingness-to-accept (WTA) for a given 
change in K directly. Therefore, an improvement from K, to 
K2 in K, the equality
[4.9]
and a time expenditure function
[4.10]
U (K,, I) = U(K2, I—WTP -) [4.11]
implies the following inverse compensated demand
WTP = f (K, U°) [4.12]
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For an improvement in K from K1 to K2, the recreationist will 
accept the proposed WTP payment if
U(K2, I-WTP,) > U(K1f I) [4.13]
and if
U(K2/ I-WTP,) < U(K1f I) [4.14]
the recreationist will reject the proposed WTP payment. WTP, 
therefore represents a lower-bound for true WTP in equation 
(4.13) and an upper-bound for equation (4.14) (Hanemann, 
1984).
According to the McFadden study on probabilistic choice 
modeling (1984), the indirect utility function is comprised 
of a systematic part and a random unobservable part, so that 
the preference relationship in equation (4.13) can be 
restated as
U = V(K, I) + e
= V(K2, I-WTP,) + e2 > V(K|, I) + e1
which can be rewritten as:
V(K2, I-WTP,) - V(K1, I) > e, - e2 [4.17]
The probability that the recreationist will accept the 
proposed WTP, payment is given as:
= Prob{ V(K2, I-WTP,-) > V (K,, I)} [4.18]
[4.15]
[4.16]
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= Prob[ (€, - e2) < {V(K2, I-WTP,.) - V(K,, I)}] [4.19]
Following the assumptions that the e 1 s are independently and 
identically distributed, the functional form can be either a 
normal or weibull cumulative distribution that determines the 
type of indirect utility model to be estimated, including 
logit or probit (McFadden, 1973 and 1984).
For example, let Z represent a composite good with Y 
attributes, so that Z = (z1,....,zy) where z. (i = 1,...,Y) 
refers to the quantity of the ith element attribute. If 
utility U[Z(z1,...., zy) ;X] where X is other goods, is weakly 
separable in Z and its component attributes, then the 
marginal rate of substitution between any pair of attributes 
will be independent of the consumption level of X. A utility 
function is weakly separable if
U = U[u1(Z), u2(Y), U3 (X) ] [4.20]
The demand functions for goods in one subset can be written 
as independent of the prices of goods in any other subset 
(Freeman, 1979) . Let two attribute levels z . and z. vary 
across alternative bundles Z° and Z1 with all other available 
attributes held constant, and let consumers compare the two 
bundles Z°(.. . Zj°, Zj°, ...) and Z1 (. . . z,0, Zj0, .. .) . The marginal 
rate of substitution between attributes z . and Zj is UZj/Uz., 
where consumers are indifferent between bundles Z° and Z1 when 
Zj and Zj are varied in proportions (Goodman, 1989).
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The traditional marketing approach of the CJA method 
generally uses an indirect utility function approach. An 
indirect utility function approach would incorporate price Pz 
into the attribute bundle of good Z asking respondents to 
compare bundles Z°(.. . z^, .. . Pz°) and Z1 (. . . z . y , .. .Pz1) . If 
respondents are indifferent between the two bundles Z° and Z1, 
and if only attribute level and price Pz are varied, then 
the marginal willingness-to-pay for attribute is
represented by the ratio Uz1/Upz. This measurement is clearly 
a compensated measure with utility held constant.
Choices of Z may be made ex ante to maximize expected 
utility by the following expected utility function:
H(Z) = E[U(Z)] [4.21]
The expected utility function H(Z) has a systematic part h(Z) 
and an unobservable term e ,  so that the expected utility from 
any bundle Z’ is:
H (Z1) = h(Z') + e1’ [4.22]
where h(Z’) represents the deterministic part and e' 
represents a random disturbance term. The referendum CVM 
approach then involves asking respondents to demonstrate 
which of the two paired bundles they prefer. If Z1 is
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preferred to Z°, this implies h(Z1) > h(Z°) . Therefore, the 
probability that the respondents will choose Z1 over Z° is 
given by:
Prob{h(Z1) > h(Z°) } = Prob{ (e1-e°) < [h(Z1)-h(Z°) ]) [4.23]
Having selected the appropriate functional form (for example, 
normal or logistic) for the cumulative distribution of (e1- 
e°), the expected utility function can then be derived.
Application of Conjoint Analysis: A Case Study of Louisiana Waterfowl Hunting
The conjoint technique is applied to a case study in 
waterfowl hunting because the conjoint technique is highly 
flexible and offers considerable gains in information 
efficiency when compared to other techniques such as 
referendum contingent valuation (Mackenzie, 1990). For 
example, consider an attribute z - offered in discrete levels 
j = l,...,m so that z,.1 < ... < z ™ .  If z^  is a "good",
preference for z^ will increase monotonically with j and will 
decrease monotonically when ZjJ is a "bad". There may be an 
ideal level, Zjk (j < k < m) , which is preferred to both z . } 
and Zj"1, signifying the point at which the attribute level 
changes from "good" to "bad". The attribute may simply be 
categorical in that only a main-effect (no interaction term) 
model is assumed, with no a priori preference ordering 
implied by level (Green, 1984). A main-effect model obtains
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marginal valuations of each level of each attribute without 
considering any interacting effects of the attributes.
A common problem in applying CJA models is the presence 
of a large number of multiattribute profiles. For example, 
suppose an individual were interested in consumer utilities 
for various levels of automobile attributes, such as price,
interior space, color, speed and warranty. If only five
attributes were considered, each at three levels, a 35 design 
of 243 combinations would result. Ranking or evaluating 243 
combinations of attributes can be arduous. The complexity of 
the process could lead to a loss of information due to the 
loss of interest on the part of the respondent who has to 
rank 243 combinations. If a main-effects utility model is 
assumed, a researcher can use a fractionated design in which 
the respondent receives only a fraction of the 24 3
combinations of attributes (Green, 1974).
The number of factors varying within choices in specific 
trials or how many factors to present for ranking to a 
respondent at any single trial is a major concern. For 
example, a respondent may be ineffective in dealing 
congnitively with ten factors varying at three levels or 
cannot rank more than a dozen factors at a single time. Or 
the respondent may be interested in looking at two factors at 
five levels, three factors at four levels, two factors at 
three levels and one factor at two levels. In the technical 
language of experimental design, the respondent is involved
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in a 52 * 43 * 32 * 2 factorial situation. Green (1974) 
described several design methods for dealing with the problem 
of estimating utility functions for cases involving large 
number of factors or levels within factors. For example, 
these design methods include fractional factorial, split- 
plot, orthogonal arrays, complete and incomplete block 
designs for administering problem of large numbers of factors 
or factor levels to be ranked.
When an experiment involves several factors, the effects 
of some or all factors on a characteristic of interest may be 
examined individually or simultaneously by varying each or a 
few factors so that all or a suitable subset of all possible 
combinations of the factors are considered. A frequently 
used design in which this method is used is known as a 
fractional factorial (FF) experiment (Green, 1974; Green and 
Wind, 1973; Addelman, 1962). In a FF experiment, the 
treatments consist of combination of two or more factors each 
at two or more levels. The combinations are.such that each 
level of every factor occurs together with each level of 
every other factor. The number of treatments is the product 
of the number of levels of all factors. In FF experiments, 
one willingly trades off the measurement of all possible 
interaction effects to obtain a smaller number of replicates 
and assumed that all higher-order interactions are 
negligible.
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Some examples of factorial sets of treatments include 
paint life with two factors, climate and wood type, each at 
two levels. This is called a 2 * 2 factorial experiment. A 
gasoline with T and P factors, each at two levels, is another 
2 * 2  factorial experiment. In this example the levels of 
each factor were absence and presence, giving a 2 * 2 = 4 
treatment combinations:
1. both absent
2. T absent, P present
3. T present, P absent
4. both present
The factorial set of treatments can be used in any design: 
latin square, completely randomized, randomized block, and 
split-plot.
There are two advantages in using the FF experiment when 
the factors are independent, meaning that changing the level 
of one factor produces the same effect at all levels of 
another factor. First, all of the simple effects of a factor 
are equal to the main effect. Thus, main effects are all 
that are required to described the action of a factor in this 
case. Second, each main effect is estimated with the same 
precision as if the entire trial had been devoted to that 
factor alone. In the gasoline example, half of the 
treatments contain T factors, while half do not. The same 
holds true for P factors. Two single-factor experiments
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would require twice the number of units to attain the same 
precision as the factorial (Petersen, 1985).
The graeco-latin square design is a type of FF 
experiment in which high parsimony in the number of 
combinations is achieved by neglecting all interaction 
effects (Green, 1974). Graeco-latin square designs are 
normally used in experiments to remove the heterogeneity of 
experimental material in two directions. These designs 
require that the number of replications equal the number of 
treatment or varieties (Raghavarao, 1971).
For example, to construct a basic latin square design 
for t = 4 treatments, A, B, C, D, in a 4 * 4  square, t2 
experimental units are required. These units are then 
classified into t groups, of t units each, based on one of 
the sources of variation. This is commonly known as the row 
and column classification. Treatment combinations are then 
assigned in which each treatment combination occurs once, and 
only once, in each row and column (Figure 4.2). The term t 
is known as the order of the latin square. Graeco-latin 
squares are orthogonal when two latin squares of the same 
order are superimposed on one another and every other pair of 
symbols occurs exactly once. Orthogonal arrays represent the 
most parsimonious (the lowest number of combinations) set of 
designs available for main-effect parameter estimation. 
Orthogonality implies best unbiased estimates of the effects 
of all factors which are uncorrelated, and all interactions
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Row
Column
1 2  3 4
1 A B C D
2 B C D A
3 C D A B
4 D A B C
Figure 4.2 Basic 4 * 4  Latin Square Design
Source: V.L. Anderson and R.A. McLean, Design of
Experiments: A Realistic Approach. New York: 
Marcel Dekker, Inc., 1974, pp. 210-252.
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are negligible (Addleman, 1962; Petersen, 1985). The 
orthogonality of traditional conjoint designs is implied by, 
but does not imply, a linear specification of the utility 
function. Orthogonal conjoint designs can support estimation 
of various flexible forms of the indirect utility function.
Design Procedures for Conjoint Analysis of Louisiana 
Wetland Based Waterfowl Hunting
The CJA technique involves two basic design procedures. 
First, the attributes and attribute levels which form the 
design specifications must be identified. In the case of 
waterfowl hunting, these attributes reflect important hunting 
characteristics which hunters can employ to access hunting 
quality and site. Attribute levels correspond to points 
along these design specifications and should cover the entire 
range of representative levels (Cattin and Wittink, 1982).
In the application presented in this study, the 
selection of waterfowl hunting trip attributes and attribute 
levels was based upon a review of past waterfowl hunters1 
hunting characteristics and habits and discussions with 
waterfowl game division personnel in the LDWF. The selected 
attributes for this study are travel time, site congestion, 
type of hunting party, total cost, duck bag limit, type of 
hunting area and length of season. Once the attributes and 
attribute levels were identified, they were combined into 
hypothetical waterfowl hunting trip vignettes. In the course
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of responding to the mail survey, a preference rating was 
assigned to each hunting trip by each hunter.
In this research, the CJA measurement uses a full- 
profile approach, in which the respondents rate a set of 2 0 
hypothetical waterfowl hunting trip vignettes. The
hypothetical waterfowl hunting trip vignettes are described 
according to seven different attributes labeled A through G, 
with each attribute varying across three levels labeled 0 to 
2. The set of all possible waterfowl hunting trip vignette 
attributes (0....0) through (3,3,3,3,3,3,3) includes 37 or 
2,187 different trip combinations or profiles. If
preferences are assumed to be transitive and do not reflect 
significant jointness between attributes from the perspective 
of information content, most of these trip vignettes then 
become redundant (Mackenzie, 1990).
To overcome the large number of waterfowl hunting 
profiles, the fractional factorial (FF) experiment is 
employed to reduce the number of profiles to a more 
manageable level. As described earlier, an FF experiment 
uses a sample of attribute levels selected from a full 
factorial experiment without a significant information loss, 
allowing one to effectively test the importance of the 
attribute on the hunters' preferences.
A commonly employed technique of constructing an FF 
experiment in CJA is the use of orthogonal arrays. The use 
of orthogonal arrays is based on the graeco-latin square
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design by developing highly fractionated designs in which the 
waterfowl hunting trip profiles are determined so that the 
independent contributions of all main effects are balanced, 
assuming negligible interactions (Green and Wind, 1975; 
Green, 1974). Orthogonal arrays are used because they have 
many desirable properties. First, orthogonal arrays allow a 
researcher to gather data on a large number of attribute 
profiles using a relatively small number of attribute 
profiles. Second, from a statistical perspective, orthogonal 
array designs are the most efficient. Therefore, the FF 
design algorithm based on the graeco-latin square design was 
used to identify the most parsimonious set of trip vignettes 
necessary for evaluating "main effects" in obtaining marginal 
valuations of each level of each attribute without 
considering separate joint effects of the attributes. This 
parsimonious set requires only 20 different waterfowl hunting 
trip vignettes (Tables 4.5 and 4.6).
The utility function of the hypothetical waterfowl 
hunting trip can be estimated by means of traditional binary 
choice techniques such as logit, probit or tobit, using 
n(n-l)/2 pairwise choice observations per respondent, or 
using n rank observations per respondent using the rank-order 
logit estimation technique (Harrell, 1980). In the latter 
approach, n-1 separate intercept terms are estimated, 
accounting for the rank intervals, and effectively collapsing 
the data to obtain a unit indifference function (Mackenzie,
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4.5 Conjoint Design Involving Seven 
Attributes at Three Levels per 
Attribute
Attributes
A2 A3 A4 A5 A6 A7
0 0 0 1 1 0
0 1 2 2 0 1
1 0 2 2 1 2
1 1 1 0 0 0
1 2 0 1 2 1
2 0 1 0 1 1
2 1 0 1 0 2
0 0 0 0 2 2
0 1 2 1 1 0
1 0 2 1 2 1
1 2 0 0 0 0
2 0 1 2 2 0
2 2 2 1 0 2
0 0 0 2 0 1
0 1 2 0 2 2
1 0 2 0 0 0
1 1 1 1 2 1
1 2 0 2 1 2
2 1 0 2 2 0
2 2 2 0 1 1
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Table 4.5 Conjoint Design Involving Seven 
Attributes at Three Levels per 
Attribute
Where:
A1 = Travel Time (1.5, 3, and 5 Hours)
A2 = Site Congestion (None, Low and High)
A3 = Type of Hunting Party (Alone, Friends, 
and Strangers)
A4 = Total Cost ($500, $1,000 and $1,500)
A5 = Duck Bag Limit (2, 3, and 7 ducks per 
day)
A6 = Type of Hunting Area (Public, Lease, 
Commercial)
A7 = Length of Season (2 0, 30 and 40 days)
Source: Arnold Saxton, Rebecca Frederick, and Vernon
Wright, Department of Experimental Statistics, 
Louisiana State University, Louisiana, Baton Rouge, 
1991. Statistical Consultation.
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Table 4.6 Conjoint Design Each Involving Seven 
Attributes at Three Levels
A1 A2 A3 A4 A5 A6 A7
Timel Conl Partyl Costl Duck2 Lease 20 days
Timel Conl Party2 Cost3 Duck3 Public 30 days
Timel Con2 Partyl Cost3 Duck3 Lease 40 days
Timel Con 2 Party2 Cost2 Duckl Public 20 days
Timel Con2 Party3 Costl Duck2 Commercial 30 days
Timel Con3 Partyl COSt2 Duckl Lease 30 days
Timel Con3 Party2 Costl Duck2 Public 40 days
Time2 Conl Partyl Costl Duckl Commercial 40 days
Time2 Conl Party2 Cost3 Duck2 Lease 20 days
Time2 Con2 Partyl Cost3 DUCk2 Commercial 30 days
Time2 Con 2 Party3 Costl Duckl Public 20 days
Time2 Con3 Partyl Cost2 Duck3 Commercial 20 days
Time2 Con 3 Party3 Cost3 Duck2 Public 40 days
Time 3 Conl Partyl Costl Duck3 Public 30 days
Time3 Conl Party2 COSt3 Duckl Commercial 40 days
Time 3 Con2 Partyl Cost3 Duckl Public 20 days
Time 3 Con2 Party2 Costl Duck2 Commercial 30 days
Time3 Con2 Party3 Costl DUCk3 Lease 40 days
Time3 Con 3 Party2 Costl Duck3 Commercial 20 days
Time3 Con 3 Party3 Cost3 Duckl Lease 30 days
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Table 4.6 Conjoint Design Each Involving Seven 
____________Attributes at Three Levels (continued)_______
where
A1 = Travel Time (1.5, 3 and 5 hours one way)
Timel = 1.5 hours, Time2 = 3 hours and 
Time3 = 5 hours
A2 = Site Congestion (None, Low and High)
Conl = None, Con2 = Low and Con3 = High
A3 = Type of Hunting Party (Alone, Friends and 
Strangers)
Partyl = Alone, Party2 = Friends and 
Party3 = Strangers
A4 = Total Cost per Season ($500, $1,000 and 
$1,500)
Costl = $500, Cost2 = $1,000 and Cost3 = $1,500
A5 = Duck Bag Limit (2, 3 and 7 ducks per day)
Duckl = 2 ducks, Duck2 = 3 ducks and 
Duck3 = 7 ducks
A6 = Type of Hunting Areas (Lease, Public and 
Commercial)
 A7 = Length of Hunting Season (20, 30 and 40 days)
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1990) . Informational efficiency is improved by eliciting 
simultaneous rankings of multiple vignettes rather than 
pairwise comparisons. A respondent's rankings of n bundles 
implies n*(n-l)/2 non-redundant pairwise comparisons.
The use of a rating scale l...k (with k > n) could 
improve informational efficiency further. If respondents' 
ratings are analytically consistent, then the ratings will 
provide at least as much information about the respondents' 
preferences for attributes as ordinal rankings, since they 
also provide some information on intensity of preferences 
which is not revealed in rankings.
Madansky (1980) has noted that while the ordinal 
implication of each respondent's ratings is clear, their 
cardinal implication is not. For example, a bundle Z° is 
given a rating of 8 and another bundle Z1 a rating of 4, this 
does not suggest that a respondent is indifferent between one 
bundle of Z° and two bundles of Z1. In addition, since 
variation in rating is restricted to the rating scale defined 
by the researcher, ratings cannot be treated as continuous 
variables. While it may be a common procedure to regress 
ratings against attribute levels using OLS, this approach 
violates classical utility theory and yields inefficient 
coefficient estimates (Mackenzie, 1990) . Rank-order logit is 
still the preferred estimation procedure, with the intercept 
term decomposed into k-1 separate intercept dummies to 
account for the intervals between k rating levels.
166
The conjoint method also offers additional advantages. 
First, CJA measurement requires that only rank-ordered data 
be collected from respondents, thus avoiding collecting 
assumed interval metric information directly. Second, 
respondents are generally more comfortable providing 
qualitative rankings or ratings of attribute bundles with 
price included, rather than providing hypothetical dollar 
valuations of the same bundles without prices. The CJA 
approach minimizes many of the biases that can arise in open- 
ended contingent valuation studies when the price variable is 
treated as another attribute.
In conjoint designs, the variation of each attribute is 
completely independent of the variation of all other 
attributes. This implies that specifications of the utility 
function in which the attributes are entered in linear form 
on the right-hand side yields unbiased estimates of the "main 
effects" of those attributes on the utility. The estimation 
results from such models imply constant marginal rates of 
substitution between attributes, or constant WTP measures. 
For example, let
RATING = F (ZB), [4.24]
where F is a transformation function such as the logistic and 
ZB is the linear combination of attributes
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ZB [4.25]
Setting the total differential of ZB equal to zero (i.e., no 
change in the rating) yields the following:
Holding all other attributes constant except z. and Zj, the 
marginal rate of substitution d z - / d z -}, i.e. a given change in 
Zj to off-set a given change in z . t should be changed by 
-bj/bj so as to leave ZB unchanged, and hence the rating. If 
the price Pz is included as an attribute, the compensated 
marginal WTP for z .  is dPz/dZj = ~t',-/t,pz. This constant
marginal WTP will be valid over the mid-ranges of the 
attribute levels offered in the conjoint design, but its 
linear integral does not necessarily provide plausible 
welfare measures for large changes in Zj.
Although researchers typically have a strong intuition 
as to what variables to include in a specific relationship, 
they usually have little information concerning its precise 
functional from. Therefore, it is not uncommon that 
parameters entering a nonlinear form in a regression analysis 
reflect the uncertainty and inconclusiveness as to what model 
appropriately represents the relationship between two or more 
variables (Judge et al., 1988). It may be unclear whether 
there is a linear relationship between a dependent variable 
y and an independent variable x or the logarithm of x. Such
dZB + bjdZj + bjdZj + 0 [4.26]
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uncertainty is reflected when employing qualitative choice 
models because, on occasion, neither a priori reasoning nor 
theory can clearly dictate the correct functional form that 
an additive model should assume (Spitzer, 1980). This 
uncertainty can be corrected by way of a Box-Cox 
transformation.
Tukey (1957), suggested that the transformation of 
variables may lead to a more nearly linear model, may 
stabilize the error variance, and/or may lead to a model for 
which a symmetrically, perhaps normally, distributed error 
term is acceptable (Zarembka, 1974) . Box and Cox (1964) 
introduced the Box-Cox transformation as a device for 
permitting the data to determine what functional form is most 
appropriate. In this procedure, a family of functions is 
created when applying a transformation to some or all the 
variables in a relationship, with one particular member of 
this family defined by specifying a specific value of the 
transformation parameter. The linear and log-linear 
functions are two members of the family. The functional form 
determined by the data is that functional form defined by the 
estimated value(s) of the transformation parameter(s) (Judge 
et al., 1988).
In examining the functional relationship between a 
dependent variable y and some explanatory variables x2> 
x3,..,xk, consider the following linear utility relationship:
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yt - 01 + 0 2Xt2 + ^ 3x t3 + * * * • + ^kx tk + et [4.27]
The Xs are variables which relate to the utility of the tth 
alternative. Some of these variables may be qualitative in 
nature and cannot be estimated directly and are normally 
defined as dummy variables (for example, the variable is set 
equal to one if a certain characteristic or attribute is 
present, and zero otherwise) (Hensher and Johnson, 1981). 
Other variables may be estimated, for example cost, income, 
or time. The researcher must then choose how to enter the X 
variables in equation (4.27) . The usual practice is to enter 
the Xs in their absolute form. In this specification, the 
cost variable will enter equation (4.27) in direct monetary 
terms. This procedure will be ineffective unless the 
estimated probabilities from the choice model are sensitive 
to the functional forms chosen (Hensher and Johnson, 1981). 
If theory cannot provide the correct functional form for the 
Xs, an investigation of the effect of different functional 
forms on choice model estimates is warranted.
To simplify the above ideas, consider the following 
transformation of attribute z . f where
x & o
A = 0
[4 . 28]
I n  z
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When 1 = 1, za) = z-1; when A = -1, za) = -z‘1+l; and when A 
= 0, za) = In z because lim^g [(zx-l)/A] = In z (Judge et al., 
1988) . With a Box-Cox transformation, the functional form is 
dictated by the parameters Af which are themselves estimated. 
Transformed variables can be included in a linear function so 
that generalized models of the form
y<X1) = ^  + 02X2a2) + ____ + /3kXkak> + £ [4.29]
can be specified and estimated. If A, = 1 in equation 
(4.29), then yc1) enters the equation linearly; y<0) enters 
equation (4.29) as In y, and y(‘1) enters equation (4.29) as 
the reciprocal of y (Spitzer, 1980; Poirier and Melino, 
1978). Therefore, the estimation procedure itself chooses 
the transformations that best fit the data. Hypothesis tests 
can be made on the estimated Aj to determine if alternative 
functional forms are also consistent with the data. Applying 
the above transformation to attributes z i and z-} in the 
preference function additively to the rating function in 
equation (4.24) yields the following
RATING = F[R(Z,b,A)], where [4.30]
R(Z,b,A) = ...+ bj (zjl1-l)/Ai + b i ( z i Xi~ l ) / k i + ... [4.31]
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Holding all other variables but z{ and Zj constant, solving 
the total differential of R(Z,b,c) , and setting it equal to 
zero yields
dR = bjzj(ll'1>dzj + bjZj<xj'1)dZj = 0 [4.32]
The marginal rates of substitution between attributes z. and 
z. which are a functions of attribute levels could be
obtained by solving equation (4.31):
dZj/dZj =  -[bjZj(Aj'1)] / [bizj(l,'1)] [4.33]
Restricting k . = Aj implies homothetic indifference curves. 
Similarly, the marginal WTP functions for attributes can be 
solved when price of the composite good, Pz is included as an 
attribute:
dPz/dz. = -[biZ^-^/Cbp^P-1’] [4.34]
Using the rank-order logit estimation technique, the 
probability that a particular vignette z1 = Z (z, 1 , z 2' , . ...) 
receives at least a rating j from a rating scale 0 to k is 
given as:
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Prob(RATING Z1 <= j) = F[R(Z\b,l) ]
= l/(l+exp[R(Z',b,X ) ] [4.36]
[4.35]
where,
R(Z’ ,b, A.) = alpha, + ... + alpha,,.., + b,z,<l1>+ b2z2a2>+
[4.37]
and alphaj = 1, holding all other alpha, = 0 (for i = j).
The logitistic transformation provides an easier 
estimation approach. For example, let Q, respondents rate 
the same n vignettes on a rating scale of k levels, and let 
q?J. represent the number of respondents giving vignette i a 
rating of j or higher. The indirect utility functional form 
can then be estimated directly, with nQ original rating 
observations collapsing into n(k-l) cell observations:
This chapter represents a continued investigation of 
conjoint measurement for dealing with multiattribute 
decision-making problems in the context of a case study of 
Louisiana wetland-based waterfowl recreation.
Discussion first focused on the trends and status of 
waterfowl in the U.S and Louisiana. Emphasis in this chapter 
was placed on conceptualizing the recreation demand for the
Yij = l°ge[qjj/ (Qj-Qij) ] =
= a, + ... + ak_, + b,z,(X1)+ b2z2(A2)+
[4.38]
[4.39]
Summaiy
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Louisiana wetland-based waterfowl hunting experience. Rank 
order logit was illustrated as an estimation technique for 
use with conjoint measurement under the condition in which, 
the response variables are expressed ordinally. Since the 
CJA approach groups rating observations into cells, the 
ordinal logit model can be estimated in linear form. Non­
linear models such as the Box-Cox transformation which permit 
derivation of marginal willingness-to-pay functions can also 
be specified.
In the following chapter, development and implementation 
of the mail survey is discussed. Survey results are 
reviewed, and a survey based profile of 1990-91 Louisiana 
waterfowl hunters is presented. Based on survey results, 
waterfowl preferences and general duck hunting feature 
preferences are also discussed.
Using the theoretical specification developed in this 
chapter, the results of estimation of four logistic 
linearized models are presented. The development of rating 
models is then discussed for three alternative sites. After 
reviewing the Box-Cox transformation, empirical results, 
including willingness-to-pay values, are presented for 
discussion.
CHAPTER V
EMPIRICAL RESULTS OF THE LOGISTIC RATING MODELS
Survey Design and Data Collection Procedures
A mail survey pertaining to the major attributes and 
socioeconomic factors of waterfowl hunting trips that 
influence trip preference for Louisiana waterfowl hunters was 
conducted in the Spring of 1991 with the cooperation of the 
Louisiana Department of Wildlife and Fisheries (LDWF). The 
questionnaire (Appendix F) was developed on the basis of 
prototype conjoint designs describing how to ascertain 
hypothetical trips in which the respondents were willing to 
rank trip attributes, how complicated those trip descriptions 
should be, and how comparisons could be made between the 
different rating and ranking designs available. The 
questionnaire was additionally designed to obtain information 
about the socio-economic characteristics of waterfowl 
hunters.
Names and addresses of waterfowl hunters surveyed were 
obtained from the annual duck stamps sold in 1990-91 by the 
Louisiana Department of Wildlife and Fisheries. After pre­
testing, the questionnaire was mailed in May, 1991 to 7,500 
individuals who purchased 1990 Louisiana duck stamps.
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Dillman's Total Design Method (TDM) was employed in 
designing and conducting the mail survey. Dillman (1978) 
developed the TDM as a means of achieving higher response 
rates than had been previously obtained by conventional mail 
survey approaches. Implementation of the method involved the 
mailing of a series of three packages of materials to 
individual waterfowl hunters randomly chosen for 
participation (Appendix E and Appendix F) . The initial 
mailing contained an introductory and explanatory cover 
letter, a questionnaire, and a postage paid return envelope. 
A post card reminder was mailed to all participants in the 
sample 10 days after the initial mailing. Two weeks after 
mailing the post cards, another cover letter, questionnaire, 
and return postage envelope were sent to 4,500 individuals in 
the sample who had not responded.
A total of 478 incorrect addresses were generated from 
the 7,500 sample surveys, leaving a total of 7,022 usable 
surveys. In the first mailing, a total of 2,006 surveys were 
returned (28.56 percent based on the 7,022 usable surveys). 
In the second mailing, 1,420 surveys were returned, 
accounting for approximately 20.22 percent of the total 4,500 
surveys. The overall response rate for the waterfowl hunting 
survey was 48.78 percent, with a final total of 3,904. A 
descriptive profile of the collected data is presented in 
Appendices A, B, C, and D.
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The 3,426 usable responses comprised a total of 48.78 
percent of the relevant population. From this 3,42 6 usable 
responses, 107 of the responses were judged to be 
unacceptable for determining the total number of waterfowl 
hunters who hunted waterfowl in Louisiana during the 1990-91 
waterfowl hunting season. Extreme outliers were not 
considered for further evaluation. This, therefore, reflects 
a final 3,319 usable responses comprising a total sample of 
47.26 percent of the relevant population.
The major factors considered in determining whether to 
delete a response include extreme values for the total number 
of members in a hunting club/lease, the average one-way 
distance from the commercial hunting site, and overall 
characteristics of the total hunting trip. In addition, the 
total number of hunting trips to the commercial hunting site, 
the price per day at the commercial hunting site, the average 
days in the duck hunting season, and daily bag limit of ducks 
were also considered in determining whether to delete a 
response or not.
An average of 23.36 percent of the 3,426 returned 
responses bought duck stamps in Louisiana during the 1990-91 
waterfowl hunting season but did not hunt (Appendix A) . This 
subset of responses were considered either stamp collectors 
or hunters who were not able to hunt.
Descriptive Statistics of Waterfowl Survey Results
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Profile of All Waterfowl Hunters in Louisiana who Hunted Waterfowl in 
Louisiana during the 1990-91 Waterfowl Hunting Season
The survey was structured to identify three types of 
waterfowl hunters based on their site selection. While this 
is only one of a number of possible categories with which to 
differentiate individuals, it has particular meaning here due 
to the characteristics of the sites. The following sections 
therefore present profiles of the sample population divided 
into four categories: all hunters; hunters who hunted as a 
member of a club or lease; hunters who hunted on public lands 
(National Wildlife Refuge or Wildlife Management Area); and 
hunters who hunted on a commercial hunting site.
Based on survey responses, an average of 75.30 percent 
of the sample of waterfowl respondents hunted waterfowl in 
Louisiana during the 1990-91 waterfowl hunting season. The 
hunters took an average of 11.35 waterfowl hunting trips at 
an average hunting cost of $763.39 per season. The average 
hunting cost includes hunting related expenses such as lease, 
gas, food, shells, overnight lodging, and duck stamp. The 
hunters shot and retrieved an average of 21.24 ducks and 5.65 
geese. Apart from hunting ducks and geese, hunters indicated 
that, on the average, they hunt other wildlife 60.70 percent 
of the time. Other migratory birds (for example, dove and 
woodcock), white-tailed-deer, and squirrels were given as 
most the frequently hunted (Table A.l).
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During the 1990-91 waterfowl hunting season, Louisiana 
had a season length of 30 days and a maximum daily bag limit 
of three ducks. The hunters indicated in the survey that 
they would stop hunting ducks in Louisiana if the average 
hunting days were 22.83, with an average daily bag limit of 
2.20 ducks per season. Hunters have complained that the duck 
hunting season is too short and the daily bag limit was too 
restrictive, making duck hunting a rather expensive sport.
Hunters were therefore asked to indicate the hunting 
cost at which they would stop hunting Louisiana waterfowl. 
On average, respondents indicated that at a total hunting 
cost of $3,232.59 per season, they would cease hunting. 
Hunters were also asked what amount of money it would take to 
purchase their right to hunt Louisiana waterfowl for a 
season. Hunters responded, on average, that $31,969.54 would 
be required to purchase this right. The valuation given by 
the hunters on this question is extremely high compared to 
the valuation in total hunting cost per season ($3,232.59). 
The high valuation lies within the structure of the question 
that could bias. The question is hypothetical, relying on an 
open-ended format to elicit respondents' valuation. The 
choice of elicitation method and payment vehicle may 
influence the reliability of the valuation results. Mitchell 
and Carson (1989) discovered that the open-ended format seems 
to elicit less reliable valuation results than the bidding 
game or payment card. Heberlein (1986) also discovered it to
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be less reliable than the take-it-or-leave-it payment method 
when he interviewed hunters in the 1984 Sandhill Hunt study.
The average age of the waterfowl hunters was 38.57 
years. The average hunter was a white male with a high 
school degree, who was employed and had an average total 
annual household income of between $35,000-$39,999 (Table 
A. 1) . On the average, 95.57 percent of the waterfowl hunting 
population surveyed were male, signifying that waterfowl 
hunting is still very much a male sport.
Profile of Waterfowl Hunters who are a Member of a Waterfowl Club or Lease in 
Louisiana during the 1990-91 Waterfowl Hunting Season
In this study, club and lease are used interchangeably. 
There were 840 waterfowl hunters who indicated on the survey 
that they were members of a waterfowl club/lease, an average 
of 25.42 percent of the survey respondents. Survey 
respondents indicated that the waterfowl club/lease had an 
average of 13.48 members who leased an average of 1,428.17 
acres of waterfowl hunting land. The average distance (one 
way) of the waterfowl club/lease from the members' home was 
51.28 miles. The waterfowl club/lease members paid an 
average of $3,938.73 for leasing the land. On a per acre per 
member basis, each member paid an average of $467.66 to be a 
member of a waterfowl club/lease, and an average of $2 0.60 
per acre for the leased land.
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During the 1990-91 waterfowl hunting season, the 
waterfowl club/lease members reported shooting and retrieving 
an average of 27.86 ducks and 7.26 geese. In addition to 
hunting ducks and geese, an average of 82.28 percent of the 
waterfowl club/lease members reported hunting other wildlife. 
Other migratory birds including dove and woodcock, white- 
tailed-deer, squirrels, and rabbits were given as the most 
frequently hunted wildlife (Table A.2).
Overall, the hunters on average rated the quality of the 
leased land as fair (32.4 6 percent) which was described as 
mainly marsh (52.31 percent). The waterfowl club/lease 
members also reported leasing land for other recreational 
activities. The hunters indicated that on average, 56.84 
percent of the leased land was used for other recreational 
activities with fishing being the predominant other 
recreational activity (37.45 percent), followed by other 
types of hunting (28.89 percent) , and wildlife viewing (20.19 
percent).
Respondents who were members of a club or lease reported 
that they had leased the waterfowl hunting land for an 
average of 12.76 years. On average, 58.50 percent of the 
waterfowl club/lease members reported that no services were 
provided by landowners of the leased land. Limited services 
reported as provided by landowners include land preparation 
and flooding (13.44 percent), provision of blinds and pits
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(11.18 percent) , improved access including roads and launches 
for boats (13.67 percent), and liability insurance (3.92 
percent).
The average cost of waterfowl hunting per season for 
respondents who were lease/club members was $1,371.93, 
including hunting related expenses such as lease price, gas, 
food, clothing, shells, overnight lodging and duck stamp. 
Waterfowl club/lease members indicated that they would choose 
not to hunt waterfowl in Louisiana if the average total cost 
of waterfowl hunting increased to $3,177.84 (per season). In 
addition, if the average duck hunting days per season fell to 
23.43 days and the average daily bag limit was 2.23 ducks, 
hunters reported that they would stop hunting ducks. The 
members reported a willingness to accept an average price of 
$19,781.67 not to hunt waterfowl for one season.
Respondents who were club/lease members had an average 
age of 40.28 years and had been a waterfowl hunter for 24.46 
years. The average waterfowl club/lease hunter was a white 
male who had completed high school, was employed, and had an 
average total annual household income of $35,000 - $39,999. 
Waterfowl club/lease membership is still very much a male 
dominated social organization, as 98.81 percent of the 
membership was reported to be male.
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Profile of Waterfowl Hunters who Hunted on either a National Wildlife Refuge 
(NWR) or a Louisiana Wildlife Management Area (WMA) during the 1990-91 
Waterfowl Hunting Season
A total of 468 waterfowl hunters hunted on either a NWR 
or a WMA in Louisiana during the 1990-91 waterfowl hunting 
season, or 14.15 percent of the relevant waterfowl hunting 
population, who responded to the mail survey. For the 
purpose of discussion, the NWR and WMA hunting sites were 
called public hunting sites. These hunters reported shooting 
and retrieving an average of 24.88 ducks and 4.86 geese for 
the 1990-91 waterfowl hunting season. In addition to ducks 
and geese hunted, an average of 85.90 percent of the hunters 
who hunted on the public land reported hunting other 
wildlife, with squirrels (69.02 percent) hunted most
frequently followed by white-tailed-deer (61.53 percent), and 
other migratory birds, including doves and woodcock (60.68 
percent).
The hunters who hunted on public land took an average of 
5.50 hunting trips to the NWR and an average of 7.08 hunting 
trips to the WMA. The average one-way distance from the NWR 
to the hunters' home was 43.47 miles and 38.68 miles for the 
WMA. On the average, the hunters rated the quality of the 
public land for waterfowl hunting as fair to good (Table
A.3) .
The average hunting cost for waterfowl hunters who
hunted on public land was $640.32. If the average hunting
cost per season increases to $3,740.11 with an average 21.29
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duck hunting days and an average 2.05 daily bag limit of 
ducks, these hunters indicated that they would stop hunting 
ducks in Louisiana. The hunters also reported a willingness 
to accept average price of $44,648.97 not to hunt waterfowl 
for one season.
Respondents who hunted on public lands such as the NWR 
or the WMA were, on average, 34.69 years old and had hunted 
on these public lands for an average of 19.61 years. The 
average hunter in this category is a white male who has 
completed high school, is employed, and has an average total 
household income of $35,000 - $39,999.
Profile of Waterfowl Hunters who Hunted on a Commercial Hunting Site in 
Louisiana during the 1990-91 Waterfowl Hunting Season
A total of 328 waterfowl hunters indicated that they 
hunted on a commercial hunting establishment in Louisiana 
during the 1990-91 waterfowl hunting season, an average of 
only 9.97 percent of the relevant waterfowl hunter 
population. These hunters reported shooting and retrieving an 
average of 23.40 ducks and 8.40 geese while hunting on the 
commercial hunting site during the 1990-91 waterfowl hunting 
season. In addition to duck and geese hunted, an average of 
78.18 percent of the hunters indicated that they hunted other 
types of wildlife. On the average, other migratory birds 
including doves and woodcock, (58.18 percent) , dominated this
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subset of other wildlife hunting followed by white-tailed- 
deer (46.65 percent) and squirrels (40.3 0 percent) (Table 
A. 4) .
The average hunter who hunted on a commercial hunting 
site took an average of 3.37 hunting trips per season. The 
average one-way distance from the hunters1 home to the 
commercial hunting site was 105.68 miles, with an average 
total hunting cost of $1,446.69. Commercial site waterfowl 
hunters reported that they would stop hunting Louisiana 
waterfowl if the average hunting cost per season increases to 
$5,842.99 with an average duck hunting limit of 22.74 days 
and an average daily bag limit of 2.23 ducks. This group of 
hunters reported that they would be willing to accept 
$31,099.41 for their right to hunt Louisiana waterfowl for a 
season.
The average overall rating quality of the commercial 
hunting site was fair (24.24 percent) to good (34.24 
percent). An average of 96.06 percent of the hunters 
reported that landowners of the commercial hunting site 
provided blinds and decoys, and 86.36 percent of the hunters 
reported guide services being provided. An interesting point 
to note is that an average of 28.77 percent of the hunters' 
reported that landowners provided liability insurance. The 
average price reported for a commercial day hunt was $153.48 
per day.
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The average commercial site hunter reported being a 
waterfowl hunter for 22.38 years. The average age of these 
hunters was 40.08 years. The average hunter who hunted on 
the commercial hunting site was a white male who had 
completed high school, and was employed. Over 78 percent of 
these hunters had an average total annual household income of 
$35,000 - $39,999.
Profile of Respondents who Bought Duck Stamps in Louisiana during the 1990-91 
Waterfowl Hunting Season but Did not Hunt
An average of 23.36 percent of the survey respondents 
purchased duck stamps during the 1990-91 waterfowl hunting 
season but indicated that they did not hunt during that 
season. For descriptive purposes, this group was identified 
as stamp collectors or individuals who did not have the time 
to hunt. The average age of this group was 38.55 years, with 
similar socio-economic characteristics when compared with the 
hunting groups. The average respondent was a white male who 
completed high school, was employed, and had an average total 
household income of $35,000 - $39,999 (Table A.5).
The questionnaire also elicited information on subjects 
not pertaining directly to waterfowl valuation. These 
subjects includes waterfowl specie preferences of the hunters 
by ranking, features of waterfowl hunting trip that 
influenced hunters' decision to hunt, and waterfowl hunting
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seasons with seven combinations of hunting related factors 
such as bag limit and length of the season. The following 
sections present descriptive summaries of this information.
Waterfowl Specie Ranking Preferences
Respondents who had purchased a 1990-91 duck hunting 
stamp and who hunted in Louisiana during the 1990-91 
waterfowl hunting season were asked to indicate the type of 
waterfowl specie they preferred to hunt. They were asked to 
rank their waterfowl specie preferences on a scale of one to 
nine, with one being the most preferred and nine being the 
least preferred.
A total of 2,503 respondents from the 3,319 usable 
responses responded to the question pertaining to ranking 
waterfowl specie preferences. Eight hundred and sixteen of 
the remaining respondents did not attempt to rank any of the 
waterfowl preferences, with the majority of this 816 
respondents indicating that they have no preference in terms 
of waterfowl, as long as they could hunt. Over 58 percent of 
the waterfowl hunters who hunted in Louisiana during the 
1990-91 waterfowl hunting season ranked mallard as their 
first preference of waterfowl hunted (Table B.l). Following 
mallard, 14.29 percent of the hunters ranked woodduck as 
their second preference, and 12.32 percent ranked pintail as 
the third preference.
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In addition, 59.43 percent of the waterfowl hunters who 
are members of a waterfowl club or lease ranked mallard as 
their first preference. Pintail was ranked second, as 
compared to woodduck by all hunters in general. Club members 
ranked teal as their third preference (Table B.2).
Mallard was also ranked first by hunters who hunted on 
public land (NWR or WMA) and on a commercial hunting site 
(Tables B.3 and B.4). Hunters who hunted on public land 
ranked woodduck as their second preference compared to white- 
fronted geese by hunters who hunted on a commercial hunting 
site. In summary, mallard, woodduck and pintail were the 
three types of waterfowl hunted most frequently by the 
hunters in Louisiana during the 1990-91 season.
Waterfowl Hunting Trip Ranking Preferences
Respondents were asked to indicate the features (or 
factors) that most influenced their decision to hunt ducks. 
The features included travel time to hunting site, site 
congestion, type of hunting party, type of hunting areas, 
length of the hunting season and the daily duck bag limit, 
total cost per season, and other related trip hunting 
factors. Respondents were asked to rank the features on a 
scale of one to ten, with one being the least influential and 
ten being the most influential.
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Type of hunting party (family, friends, alone and 
strangers) was the most important feature that influenced all 
waterfowl hunters' decision to hunt ducks. These include 
hunters who are members of a waterfowl club or lease, hunters 
who hunted on a public hunting site, and hunters who hunted 
on a commercial hunting site (Tables c.l, C.2, C.3, C.4). 
Site congestion was ranked as the second most important 
feature influencing waterfowl hunters1 decision to hunt 
waterfowl in Louisiana.
During the 1990-91 duck hunting season, Louisiana had a 
season length of 30 days and a maximum daily bag limit of 
three ducks. However, maximum duck bag limit and length of 
the hunting season were not ranked higher than type of 
hunting area by the respondents as constraining features of 
waterfowl hunting in Louisiana. In addition, total hunting 
cost per season was not a major factor in influencing a 
hunter's decision to hunt.
Waterfowl Hunting Season Ranking Preference
Respondents were also asked to rate twenty hypothetical 
waterfowl hunting trip seasons, with ten being the ideal 
hunting conditions for a season, and one being completely 
unsatisfactory hunting conditions. Each hunting trip season 
featured seven combinations of factors such as daily duck bag 
limit, travel time, site congestion, type of hunting party, 
type of hunting area, total cost, and length of hunting
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season. Each factor was given at three different levels, 
such as a daily bag limit of 2 ducks, 3 ducks, or 7 ducks, or 
hunting season length of 20 days, 30 days, or 40 days.
All waterfowl hunters who hunted in Louisiana during the 
1990-91 waterfowl hunting season rated one hypothetical 
season (SEAS0N9) as the most satisfactory waterfowl hunting 
condition. This waterfowl hunting season featured a travel 
time of 1.5 hours one way, low site congestion, and a total 
hunting cost of $1,500 per season (Table D.l, D.2, D.3, D.4) . 
In addition, this waterfowl hunting season featured a duck 
bag limit of seven ducks per day and a hunting season of 40 
days. This waterfowl hunting season also includes leasing 
hunting land with friends or hunting alone.
Factors that influenced respondents in choosing SEASON9 
as the most ideal hunting season were the daily duck bag 
limit and the length of the hunting season. SEASON9 has the 
least restrictive hunting institutional constraints. In 
addition, traveling time was only 1.5 hours per way with a 
total cost of $1,500 per season.
The hunting season that was rated the most 
unsatisfactory hunting condition by the respondents 
(SEASON16) had a longer travel time of five hours one way and 
a duck bag limit of only two ducks per day. In addition, the 
length of the hunting season was only 20 days. SEAS0N16 has 
more restrictive hunting institutional constraints. The type
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of hunting area described in this season was public land (NWR 
or WMA), with low site congestion.
Theoretical Specification of the General Rating Model
In addition to the socio-economic information and trip 
preference information described previously, respondents were 
asked to rate alternative hypothetical waterfowl hunting 
trips per season corresponding to a given set of seven 
hunting attributes. The seven hunting attributes
hypothesized to affect a typical waterfowl hunter hunting 
decision include travel time, site congestion, type of 
hunting party, total cost, duck bag limit, type of hunting 
areas, and the length of the hunting season consistent with 
previously discussed methods for implementing conjoint 
analysis. Each of the seven attributes was designated a set 
of three plausible levels.
Travel time (for example 1.5, 3, or 5 hours one way) was 
included in the questionnaire to obtain valuations of travel 
time. The need for including time in recreation demand 
analysis has been discussed in the literature (Knetsch, 1963; 
Clawson and Knetsch, 1966; Cesario and Knetsch, 1970). 
Neglecting to account for the cost of time in estimating a 
recreation framework will result in a demand curve that will 
be biased from the true demand curve. In this survey, lower 
ratings were expected from trips requiring longer travel 
time.
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The assumption that, to the hunters, all waterfowl are 
the same, permits all retrieved waterfowl to be reported as 
a single item on the questionnaire and allows a single 
marginal valuation. Separate estimates by hunters of 
different ducks and geese killed might be subject to memory 
bias.
Trip cost per season (for example, $500, $1000 or $1500) 
was included to capture the valuation of the other 
attributes. A hypothetical site fee charged would have been 
theoretically acceptable as an overall trip cost variable, 
since respondents might conceivably identify more costly 
trips with omitted attributes such as meals in a restaurant 
along the trip, or a guide service. However, the omission of 
such attributes would reduce the variance of the trip ratings 
with respect to the trip cost variable and produce bias in 
the estimated coefficients. Therefore, the total trip cost 
attribute was selected as a feasible measurement that is less 
vulnerable to response bias than a single site fee charged. 
The design of this attribute is consistent with the 
information employed in the traditional travel cost method 
(Mackenzie, 1990).
An important determinant of trip enjoyment includes the 
composition of the hunting party, here presented as hunting 
with casual acquaintances, with close friends, or with family 
members. It is generally perceived that there is a strong 
preferences for hunting with close friends or family members
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who reflect friendship and safe hunting partners. A lower 
rating would be expected if hunting were with strangers.
Site congestion (none, low, or high) was hypothesized to 
influence trip ratings. A heavily congested site could 
reduce trip ratings due to the nature of waterfowl hunting. 
Waterfowl hunters can be sensitive to the number of hunters 
present on a site because the larger the number of hunters 
hunting on a given site, the greater the distraction and 
noise. In addition, congestion could decrease the number of 
ducks present on a site, and increase competition for those 
on a site.
Waterfowl hunters in Louisiana (and throughout the 
nation) are facing restrictive hunting seasons and reduced 
duck bag limits. The hunting season is the number of hunting 
days that may occur within the total season. The daily bag 
limit is the number of birds of a specie or group that may be 
taken in one day. In this survey, a length of hunting season 
of 20, 30, or 40 days and bag limits of two, three, or seven 
ducks were specified.
There are three types of hunting areas (lease, public 
lands, and commercial hunting sites) available to waterfowl 
hunters in Louisiana. The commercial site can provide 
services such as room, board, a guide, and a blind. The 
leased acreage has typically few owner provided services. 
Another alternative hunting area is the public land,
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including Wildlife Management Areas or Federal Refuges, 
typically offering limited services.
Conjoint Analysis Model Specification for Waterfowl Recreation
Duck hunters are assumed to maximize utility functions 
in terms of final service flows, one of which is measured as 
days of waterfowl hunting. The individual duck hunter is 
both a producer and consumer, combining non-market goods, 
purchased market goods, and time in the production of final 
service flows. The purchased goods include costs of travel, 
ammunition, and other hunting equipment. Non-market goods 
include public waterfowl hunting sites and waterfowl 
population that are managed by the federal and state agencies 
as common property resources. Waterfowl hunting sites and 
populations are viewed as supply shifters, as ceteris 
paribus, as the amount of hunting sites and/or waterfowl 
population increase, the cost to the hunter of a constant 
quality hunting day will fall and he will have an incentive 
to hunt more. Alternatively, the availability of hunting 
sites and/or waterfowl population could be considered as a 
demand shifter, where the quality of hunting is positively 
correlated with availability of hunting sites (Miller and 
Hay, 1981).
Implicitly, the model specification is one in which the 
respondent's rating of a site preference for duck hunting is 
a function of a host of exogenous shifters of the individual
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duck hunter's demand and supply (marginal cost) curves. Four 
linearized rating models were estimated for all hunters, for 
hunters who belong to a Louisiana waterfowl club or lease, 
for hunters who hunted on public land (either a NWR or a 
WMA) , and for hunters who hunted on a commercial hunting 
site.
The general rating model takes the following form:
*,j = Loge[qu/(Qr qjj) ] [5.1]
where qfj. represents the respondents giving vignette i a 
rating of i or higher and Qi represents the total number of 
rating observations for vignette i. A further adjustment 
suggested by Cox (1970) and Pindyck and Rubinfeld (1976), 
adding 0.5 to q^., was made in order to improve the model 
efficiency given by equation (5.1), yielding:
Y,-j = Loge[qjj+0.5)/(Qi-qjj+0.5) [5.2]
The rating model given in equation (5.2) was estimated 
in linearized logit form with the intercept expanded into ten 
rating interval dummies, alpha, (j = 1,....,10), where alphaj 
= 1 if the rating is i, and alphaj = 0 otherwise. Each cell 
observation was weighted by the total number of observations 
used to construct it. The following right-hand side 
variables were included in the model: travel time (TRAVTIME);
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total trip cost per season (TOCOST); length of the hunting 
season (LENGTH); three dummy variables (HALONE, HFRIEND, 
HSTRANGE) representing the three types of hunting companions; 
three dummy variables representing the amount of site 
congestion (C0NGEST1, CONGEST2, C0NGEST3); the maximum bag 
limit per day (DUCKBAG) and three dummy variables 
representing the type of hunting areas available (LEASE, 
PUBLIC, COMMSITE). The specification for the general model 
using w ratings is given as:
Y i j
ALPHA0 +___ + ALPHA^., + /31 (TRAVTIME) +
02 (LENGTH) + 03(TOCOST) + 0A (DUCKBAG) +
05 (HALONE) + 06 (HFRIEND) + 07(HSTRANGE) +
08 ( CONGEST1) + 09 (CONGEST2) + 01O (C0NGEST3 ) +
01t (LEASE) + 012 (PUBLIC) + 013 (COMMSITE) + 6  [5.3]
where
YU
ALPHAW
a l p h a h
TRAVTIME
LENGTH
TOCOST
DUCKBAG
HALONE
= the ratio of respondents giving trip 
vignette i a rating of j or higher
= rating interval dummies (w = 1,...../10)
= 1 if the rating is i, and = 0 otherwise
= total travel time per season (1.5, 3, 5 
hours one way)
= length of hunting season (20, 30, 40 days)
= total cost of duck hunting per season
= daily duck bag limit (2, 3, 7 ducks) per day
= 1 if waterfowl hunter hunted alone, and = 0 
otherwise
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HFRIEND
HSTRANGE
CONGESTl
CONGEST2
CONGEST3
LEASE
PUBLIC
COMMSITE
= 1 if waterfowl hunter hunted with friends, 
and = 0 otherwise
= 1 if waterfowl hunter hunted with strangers, 
and = 0 otherwise
= 1 if no reported congestion at hunting site, 
and = 0 otherwise
= 1 if low reported congestion at hunting 
site, and = 0 otherwise
= 1 if high reported congestion at hunting 
site, and = 0 otherwise
= 1 if waterfowl hunter belongs to a lease or 
hunting club, and = 0 otherwise
= 1 if waterfowl hunter hunted on a public 
hunting site, and = 0 otherwise
= 1 if waterfowl hunter hunted on a commercial 
hunting site, and = 0 otherwise
= error term
Each value of the linear combination of Y-j yields a 
unique predicted rating. Any two attributes in Y.j can be 
changed so as to leave the value of Y - . unchanged. The 
marginal rates of substitution between any attributes can 
therefore be estimated as the ratio of their corresponding 
coefficients - h . / h j .
Often, in estimating the parameters of an equation, the 
functional form of the population regression equation may not 
be known. In such cases, the choice of the functional form 
may be dictated by other considerations including convenience 
in interpretation or economic reasoning. One solution to 
this problem is to employ the Box-Cox transformation 
(Maddala, 1988; Kmenta, 1986). In the absence of a priori
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information on an appropriate specification of functional 
form, the Box-Cox transformation approach was used via the 
Box option of the SHAZAM computer software package (White and 
Horsman, 1986). The Box-Cox transformation model for this 
study is given as:
Yfj = ALPHA0 + ___ + ALPHAh., + (TRAVTIME11-1)/A, +
/32(LENGTH12-1)/A2 + £3(TOCOST13-l)/A3 +
04( DUCKBAG14 )/A4 + 05 (HALONE) + /3fi (HFRIEND) + 
(HSTRANGE) + /3g (C0NGEST1) + /39(CONGEST2) + 
/310(CONGEST3) +/?„ (LEASE) + (3U (PUBLIC) +
013 (COMMSITE) + € [5.4]
where
f3^ (TRAVTIME11-!)/A1 [5.5]
)32(LENGTH12-1)/12 [5.6]
j83(TOCOST13-l)/A3 [5.7]
(DUCKBAG14)/X4 [5.8]
are the transformed regression coefficients employed in the 
model. Justification for this transformation depends on the 
fact that a linear function is a special case of a power 
function degree one ( A = l ). If the coefficients attached to 
the higher powers of the explanatory variables are all zero, 
the given power function reduces to a simple linear 
regression (Kmenta, 1986). In principle, each regressor in 
equation (5.4) could be transformed by a different value of
198
X. However, in most applications, this level of generality 
becomes excessively cumbersome, and X is therefore assumed to 
be unknown (Greene, 1990). Since X in equation (5.4) is 
taken to be an unknown parameter, equation (5.4) becomes 
nonlinear in the parameters.
Hypotheses
The hypotheses developed in this section draw on 
economic and social theory, previous recreation studies, and 
expert opinion provided by consultation with experts from the 
Louisiana Department of Wildlife and Fisheries and other 
waterfowl hunter experts.
TRAVEL TIME:
Since TRAVTIME is a measure of travel time to a hunting 
site, it is expected that the TRAVTIME coefficient will 
have a negative effect on the dependent variable Y^, the 
odd ratio of a individual waterfowl hunter giving 
vignette i a rating of j or higher. In other words, the 
higher the travel time incurred by a waterfowl hunter to 
a hunting site, the likelihood of the hunter going 
waterfowl hunting will decrease. This hypothesis is in 
part based on the concept of the opportunity cost of 
time realized in travel to a site. As a cost concept it 
is hypothesized to be inversely related to consumption.
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SEASON LENGTH:
During the 1990-91 waterfowl hunting season, Louisiana 
had a season length of 3 0 days. A longer LENGTH 
coefficient implies extended hunting days, thereby 
potentially increasing hunters' hunting success. This 
coefficient is hypothesized to be positive as in 
general, more is preferred to less.
TOTAL COST:
Total cost in waterfowl hunting includes typical 
hunting related expenses such as lease, gas, food, 
shells, clothing and duck stamp. The average total cost 
of waterfowl hunting for respondents in the 1990-91 
season was $763.39. If the total cost of waterfowl 
hunting increased, the probability that a hunter will 
continue hunting will theoretically decrease. This 
standard cost consumption relationship is recognized to 
be an inverse relationship, implying the TOCOST 
coefficient should have a negative sign.
DAILY BAG LIMITS:
A maximum daily bag of three ducks was the bag limit in 
Louisiana during the 1990-91 waterfowl hunting season. 
Following a logic similar to that given for season 
length, the DUCKBAG coefficient was expected to be 
positive and exhibit a positive influence on hunters' 
decision to hunt waterfowl.
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HUNTING PARTY:
The type of hunting party an average waterfowl hunter 
hunts with often has an influence on the decision to 
hunt and where to hunt. Waterfowl hunting is recognized 
as a social sport. Hunters in this survey indicated a 
strong preference to hunt with friends and family 
members rather than with strangers. Therefore, it was 
hypothesized that the HFRIEND coefficient would be 
positive, while the HSTRANGE coefficient would be 
negative.
SITE CONGESTION:
Congestion is hypothesized to have a negative influence 
on the decision to hunt waterfowl in Louisiana. 
Congestion can affect all aspects of the recreational 
activity, including safety, success rate, and overall 
ambience, in a negative way.
HUNTING AREA:
The type of hunting area can influence a hunter's 
decision to hunt. Leased land offers a more exclusive 
type of hunting site, as only invited and paid members 
are allowed to hunt. A lease should offer less 
congestion than a public or a commercial hunting site. 
A public hunting site is a common property and therefore 
accessible to all individuals, potentially resulting in 
congestion. A commercial site is accessible through a
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fee payment which may be less than a lease, but for more 
limited access, for example a day hunt. Hunters who 
could not afford to join a lease or club choose to hunt 
on public or commercial hunting facilities. Therefore, 
it is expected that LEASE will have a positive sign 
while PUBLIC and COMMSITE will have a negative sign.
Empirical Results of the General Rating Model
This section presents the coefficient estimate results 
of the rating models used to identify the major hunting 
attributes of waterfowl hunting trips that influence a 
Louisiana waterfowl hunter's trip preferences. Four logistic 
linearized rating models were estimated for all waterfowl 
hunters; for waterfowl hunters who belong to a Louisiana 
waterfowl club or lease; for waterfowl hunters who hunted on 
either a National Wildlife Refuge (NWR) or a Wildlife 
Management Area (WMA); and for waterfowl hunters who hunted 
on a commercial hunting site in Louisiana during the 1990-91 
waterfowl hunting season.
Frequency tables of ratings for each model of hunting 
trip vignettes (Tables D.l, D.2, D.3, and D.4) were used to 
calculate 200 rating cell observations (ten non-zero rating 
levels times 20 trip vignettes). The four logistic
linearized rating models were estimated via conventional 
ordinary least squares (OLS) and weighted least squares (WLS) 
regression. In addition, estimation results of a non-linear
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regression of the rating cell variable Y^ on the same right- 
hand side variables, with a Box-Cox formulations employed for 
TRAVTIME, LENGTH, TOCOST and DUCKBAG, was performed.
The survey yielded a total of 3,319 usable surveys from 
the waterfowl hunters who hunted in Louisiana during the 
1990-91 waterfowl hunting season. Of these 3,319 waterfowl 
hunters, 3,283 provided usable hunting trip vignette ratings 
of the conjoint question. Thirty-six (1.096 percent) of the 
3,319 respondents did not rate any of the presented 20 
waterfowl hunting trip vignettes. The total number of rating 
observations of hunting trip vignettes is thus slightly lower 
than the number of usable surveys.
The rating models were derived from the rating of the 20 
different waterfowl hunting trip vignettes and estimated in 
linearized logistic form with the conventional intercept 
expanded into ten rating interval dummies ALPHAj (j=l....10), 
where ALPHAj = 1 if the rating is i, and ALPHAj = 0 otherwise. 
Each cell observation was weighted by the total number of 
observations used to construct it. A potential statistical 
problem in multicollinearity exists when more than one dummy 
variable is used. Therefore, caution must be exercised when 
determining the significance of these variables to be 
included in the model (Pope and Stoll, 1985; Maddala, 1988) .
In this study, the rating models' rates were on a scale 
of 1 to 10, where type of hunting party has three categories, 
type of hunting area has three categories, and there were
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three categories of congestion. The recommended procedure is 
to choose one of the categories as the control category and 
define dummy variables for the other two categories. For 
example, there are three categories in the type of hunting 
party. The dummy variables are defined as follows:
HFRIEND = 1 if hunted with friends, and 
= 0 otherwise
HSTRANGE = 1 if hunted with strangers, and 
= 0 otherwise
The third dummy variable, HALONE in this example, takes the 
value of 1 for hunting alone and zero otherwise. If the 
assumed model is:
Yn = ALPHA0 + ALPHA2+ ...... +ALPHA10 + /^HALONE +
/32HFRIEND + /33HSTRANGE + e [5.9]
then exact multicollinearity exists because HALONE + HFRIEND 
+ HSTRANGE is always equal to one. To avoid
multicollinearity, the number of dummy variables is always 
one less than the number of categories. Therefore, the 
ratings were decomposed into k-1 separate intercept dummies 
to account for the intervals between k rating levels 
(Maddala, 1983; Adamowicz, et al., 1990). In addition, to 
capture the rating preferences between the type of hunting 
party, the type of hunting areas, and congestion, two dummy 
variables were defined for each category. Thus, if a
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qualitative variable has m categories, only m-1 dummy 
variables are introduced (Gujarati, 1988).
Another statistical problem common to logistic studies 
is that of heteroscedasticity. For example, the coefficient 
TOCOST measures the annual total cost per season for hunting 
related expenses. A high TOCOST would discourage potential 
waterfowl hunters from hunting ducks. Therefore, a high 
total cost among waterfowl hunters would not vary much while 
theoretically, a lower total cost would encourage a greater 
number of hunters to hunt ducks. Hunters who could not 
afford to hunt ducks when costs are high could do so now. 
This implies that actual total cost, (TOCOST), might be quite 
different from average total cost. In other words, it is 
very likely that a lower total cost has a higher dispersion 
around the mean of total cost than a higher total cost. In 
such a case, the scatter diagram between the dependent 
variable Y^ and TOCOST coefficient would indicate sample 
points closer to the regression line for higher TOCOST, but 
widely scattered for lower TOCOST (Ramanathan, 1989).
The presence of heteroscedasticity and uncertainty 
regarding the properties of the stochastic disturbance term 
can mask the efficiency of the OLS estimated coefficients. 
In this case, the assumption that variance (et) = a 2 (constant 
variance) minimizes the variance of a linear combination of 
the dependent variable Y^ does not hold, thereby causing 
biasedness in the estimated coefficients. WLS (also known as
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generalized least squares) is a common approach to resolve 
the heteroscedasticity problem.
It. can be shown that if Njjf the proportion of 
respondents giving vignette i a rating of j or higher, is 
fairly large and if each observation in a given rating class 
of Yjj is distributed independently as a binomial variable, 
then
e .  = the error term
N.j = the proportion of respondents giving trip vignette 
i a rating of j or higher
Yjj = respondents giving trip vignette i a rating of j 
or higher (also the dependent variable)
Qj, = total number of rating observations for vignette 
i, and
qfj = the cumulative number of respondents giving 
vignette i a rating of j or higher
6 j follows the normal distribution with zero mean and 
variance equal to
[5.10]
where
[5.11]
As shown in elementary probability theory, q.j, the cumulative 
number of respondents giving vignette i a rating of j or
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higher, follows a binomial distribution with mean equal to 
the q.j and variance equal q.j*(Q.. - q-jJ/Njj. As increases 
indefinitely, the binomial distribution approximates the 
normal distribution (Gujarati, 1988). Therefore, to resolve 
the problem of heteroscedasticity in the four rating models, 
the following transformed linearized rating model was 
evaluated:
y /W ^ Y ^ = P lv/&7 + P i J W l X i + J w ; e d [5.12]
which can be rewritten as:
Yh  = Piv^T + P i x ± + v i [5.13]
where
Y V  = transformed or weighted Y-j
X*.. = transformed or weighted X{ coefficients and 
V. = transformed error (e) term.
There is no constant term in equation (5.13) and the 
estimated regression coefficients will be best linear 
unbiased estimators, where
W± = j N y  q ± j + 0.5 KQ±i  -  q ±j + 0.5) [5.14]
The rating model is then estimated via OLS in SHAZAM (White 
and Horsman, 1986) on the transformed data and the estimated 
intercept becomes
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Bi y / Nxj  i Q i j + 0.5) { Q ± j - q i=j + 0.5) [5.15]
* * - [ » *  (0^ - ^ 5 ° . 5 ) } [5'161
is simply the odd ratio of the probability of a waterfowl 
hunter giving vignette i a rating of j or higher. The 
weighted least square rating models are as follows:
*ii = Pov^T + P 2/ ^ A 2 + P 3^ A 3 +  + P 10V^ A 10 + P l l  JW^TRA'
Pi3 yfW^TOCOST + $14JW^DUCKBAG + $15JW^HFRIEND + $16ffijHSTRAE
P 18 V^a" CONGEST3 + $ lssf W ^ LEASE + P 2Qyf W ^  PUBLIC + C [5.17]
where A0,.... ,A10 = Alpha0,........,Alpha10
The attribute coefficients are quite stable across the four 
rating models and the coefficients TRAVTIME, LENGTH, TOCOST, 
DUCKBAG, HFRIEND, HSTRANGE, C0NGEST2, CONGEST3, LEASE and 
PUBLIC had the hypothesized signs. WLS estimates are 
asymptotically more efficient than OLS estimates and hence 
should have lower standard errors, implying higher t- 
statistics.
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Discussion of Empirical Results
Tables 5.1 - 5.8 present the estimated results of the 
rating models from the OLS and WLS regressions on on the 
untransformed right-hand side variables. The following 
sections discuss these models, interpret the results, and 
discuss previously stated hypotheses.
Rating Model for All Waterfowl Hunters
Table 5.5 presents the coefficient estimate results of 
the rating model for all waterfowl hunters who hunted in 
Louisiana during the 1990-91 waterfowl hunting season. The 
rating model was first estimated via the conventional OLS in 
SHAZAM (White and Horsman, 1986) and then estimated with a 
weight on all the parameters to correct for problems of 
heteroscedasticity.
The estimated coefficients of TRAVTIME, LENGTH, TOCOST, 
DUCKBAG, HFRIEND, HSTRANGE, C0NGEST2, CONGEST3 and LEASE have 
the expected sign and are statistically significant at a five 
percent (1.65) and ten percent (1.28) level of confidence. 
C0NGEST2 was not statistically significant at these levels. 
These variables do significantly affect the ratio of 
respondents' rating of trip vignettes preference. The 
estimated coefficients in the WLS model are more efficient 
than the OLS model because the standard errors are lower and 
the t-ratios are higher. The F-statistic (112.242) is 
extremely high and is significant at levels below 0.0001,
209
Table 5.1 Coefficient Estimate Results of the Rating Model for All 
Hunters who Hunted in Louisiana during the 1990-91 
Waterfowl Hunting Season (using Ordinary Least Squares)
Source DF Sum of Squares
Model 19 405.22
Error 180 5.6128
U Total 199 410.83
N 3283
Dep Var
R2 0.9863
Adj. R2 0.9849
Durbin-Watson 0.6751
Log Like Fn 73.5399
F-Value 683.969
Variable
Parameter
(t-statistic) Standard Error
Alpha, -1.6496
(-20.013)
0.082426
Alpha2 0.22310
(3.9953)
0.055841
Alpha3 0.48575
(8.6988)
0.055841
Alpha4 0.69840
(12.507)
0.055841
AIpha3 0.88575
(15.862)
0.055841
Alpha, 1.1388
(20.394)
0.055841
Alpha7 1.3464
(24.111)
0.055841
Alphas 1.5746
(28.199)
0.055841
Alpha, 1.8386
(32.927)
0.055841
Alpha,o 5.1444
(92.126)
0.055841
Table 5.1 Coefficient Estimate Results of the Rating Model for All
Hunters who Hunted in Louisiana during the 1990-91 
Waterfowl Hunting Season (using Ordinary Least Squares) 
(continued)
Travtime -0.11841
(-12.964)
0.0091338
Length 0.009727
(5.9803)
0.0016266
Tocost -0.00017490
(-5.8735)
0.000029778
Duck-Bag 0.096323
(15.554)
0.0061930
HFriend 0.14206
(4.7161)
0.030123
HStrange -0.094629
(-2.5553)
0.037033
Congest2 -0.007637
(-0.2278)
0.033525
Congest3 -0.17896
(-5.2179)
0.034298
Lease 0.21664
(6.2977)
0.034400
Public 0.031263
(0.98699)
0.031675
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Table 5.2 Coefficient Estimate Results of the Rating Model for Hunters
who were Members of a Louisiana Waterfowl Club or Lease 
during the 1990-91 Waterfowl Hunting Season (using Ordinary 
Least Squares)
Source DF Sum of Squares
Model 19 339.90
Error 180 6.2361
U Total 199 346.13
N 835
Dep Var YiJ
R2 0.9820
Adj. R2 0.9801
Durbin-Watson 0.7178
Log Like Fn 63.0093
F-Value 516.364
Variable
Parameter
(t-statistic) Standard Error
Alpha, -1.7172
(-19.764)
0.086882
Alpha2 0.22225
(3.7759)
0.058860
Alpha3 0.45525
(7.7345)
0.058860
Alpha,, 0.65355
(11.104)
0.058860
Alphas 0.83400
(14.169)
0.058860
Alpha, 1.1033
(18.745)
0.058860
Alpha7 1.3126
(22.300)
0.058860
Alpha8 1.5498
(26.330)
0.058860
Alpha, 1.8080
(30.718)
0.058860
Alpha10 4.6491
(78.987)
0.058860
Table 5.2 Coefficient Estimate Results of the Rating Model for Hunters
who were Members of a Louisiana Waterfowl Club or Lease 
during the 1990-91 Waterfowl Hunting Season (using Ordinary 
Least Squares) (continued)
Travtime -0.13389
(-13.907)
0.0096276
Length 0.011529
(6.7240)
0.0017145
Tocost -0.00010827
(-3.4496)
0.000031388
Duck-Bag 0.10071
(15.428)
0.0065278
HFriend 0.14645
(4.6123)
0.031752
HStrange -0.12024
(-3.0804)
0.039035
Congest2 0.0022511
(0.063703)
0.035338
Congcst3 -0.17639
(-4.8792)
0.036152
Lease 0.26848
(7.4044)
0.036260
Public 0.0098750
(0.29576)
0.033388
Table 5.3 Coefficient Estimate Results of the Rating Model for Hunters
who Hunted on either a National Wildlife Refuge or a 
Wildlife Management Area in Louisiana during the 1990-91 
Waterfowl Hunting Season (using Ordinary Least Squares)
Source DF Sum of Squares
Model 19 298.60
Error 180 6.8808
U  Total 199 305.48
N 458
Dep Var YiJ
R2 0.9775
Adj. R2 0.9751
Durbin-Watson 0.6134
Log Like Fn 53.1711
F-Value 411.121
Variable
Parameter
(t-statistic) Standard Error
Alpha,, -1.7012
(-18.640)
0.091263
Alpha2 0.20925
(3.3844)
0.061828
Alpha3 0.50015
(8.0894)
0.061828
Alpha4 0.71745
(11.604)
0.061828
Alpha3 0.90945
(14.709)
0.061828
Alpha6 1.1641
(18.828)
0.061828
Alpha7 1.3861
(22.419)
0.061828
Alphag 1.6160
(26.137)
0.061828
Alpha? 1.8921
(30.603)
0.061828
Alpha10 4.3614
(70.542)
0.061828
Table 5.3 Coefficient Estimate Results of the Rating Model for Hunters 
who Hunted on either a National Wildlife Refuge or a 
Wildlife Management Area in Louisiana during the 1990-91 
Waterfowl Hunting Season (using Ordinary Least Squares) 
(continued)
AlphaI0 4.3614
(70.542)
0.061828
Travtime -0.11488
(-11.360)
0.010113
Length 0.012072
(6.7032)
0.0018010
Tocost -0.00018705
(-5.6734)
0.000032970
Duck-Bag 0.10141
(14.790)
0.0068569
HFriend 0.15792
(4.7348)
0.033353
HStrangc -0.039489
(-0.96309)
0.041003
Congest2 0.013580
(-0.36584)
0.037119
Congest3 -0.18775
(5.0616)
0.037975
Lease 0.19279
(2.3733)
0.038088
Public 0.083235
(2.3733)
0.035071
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Table 5.4 Coefficient Estimate Results of the Rating Model for Hunters
who Hunted on a Commercial Hunting Site in Louisiana 
during the 1990-91 Waterfowl Hunting Season (using Ordinary 
Least Squares)
Source DF Sum of Squares
Model 19 303.10
Error 180 18.169
U  Total 199 321.26
N 327
Dep Var Y«
R2 0.9434
Adj. R2 0.9375
Durbin-Watson 0.7039
Log Like Fn -43.9282
F-Value 158.039
Variable
Parameter
(t-statistic) Standard Error
Alpha*, -1.6144
(-11.175)
0.14446
Alpha, 0.31440
(3.1293)
0.10047
Alpha3 0.62695
(6.2403)
0.10047
Alpha4 0.88435
(8.8022)
0.10047
Alphas 1.0930
(10.880)
0.10047
Alpha*; 1.3694
(13.631)
0.10047
Alpha, 1.5795
(15.721)
0.10047
Alphas 1.9189
(19.100)
0.10047
Alpha, 2.1781
(21.679)
0.10047
Alphai0 4.4298
(44.091)
0.10047
Table 5.4 Coefficient Estimate Results of the Rating Model for Hunters
who Hunted on a Commercial Hunting Site in Louisiana 
during the 1990-91 Waterfowl Hunting Season (using Ordinary 
Least Squares) (continued)
Travtime -0.11591
(-7.0532)
0.016433
Length 0.0057832
(1.9761)
0.0029266
Tocost -0.000068910
(-1.2862)
0.000053576
Duck-Bag 0.092715
(8.3209)
0.011142
HFriend 0.087270
(1.6102)
0.054198
HStrangc -0.20276
(-3.0431)
0.066629
Congest2 0.089416
(1.4824)
0.060318
Congest3 -0.17902
(-2.9010)
0.061709
Public -0.11802
(-2.0232)
0.058331
Commsite -0.19166
(-3.0967)
0.061892
Table 5.5 Coefficient Estimate Results of the Rating Model for All Hunters 
who Hunted in Louisiana during the 1990-91 Waterfowl Hunting 
Season (using Weighted Least Squares)
Source DF
Weighted Sum 
of Squares
Weighted Mean 
Squares F-Value
Model
Error
Total
19
180
199
0.17717E+07
0.14953E+06
0.19212E+07
93245
830.75
9654.2
112.242
Dependent Variable = Y,j 
Durbin-Watson = 0.4394 
R-Square = 0.9222 
Adjusted R-Square = 0.9139 
N = 3283
Log Likelihood Function = -945.484
Variable
Parameter
(t-statistic)
Standard
Error
95 % Confidence 
Interval
Lower Upper
Alpha,, -33.044
(-7.4630) 4.42277
Alpha2 -0.69833
(-11.816) 0.059101 -0.700352 -0.696308
Alpha3 -0.52807
(-12.937) 0.040818 -0.529466 -0.526674
Alpha4 -0.37150
(-9.8642) 0.037661 -0.372788 -0.370212
Alpha^ -0.23282
(-6.7218) 0.034636 -0.234005 -0.231635
Alpha^ -0.92791
(-17.190) 0.053981 -0.929757 -0.926063
Alpha7 0.13486
(4.8623) 0.027735 0.1339113 0.1358087
Alphas 0.34046
(12.779) 0.026643 0.3395486 0.3413714
Alpha, 0.61084
(22.622) 0.027002 0.6099163 0.6117637
Table 5.5 Coefficient Estimate Results of the Rating Model for All Hunters 
who Hunted in Louisiana during the 1990-91 Waterfowl Hunting 
Season (using Weighted Least Squares) (continued)
Alpha10 5.6487
(14.091) 0.40087 5.634987 5.662413
Travtimc -0.14454
(-12.493) 0.0064259 -0.144760 -0.144320
Length 0.0064478
(7.5396) 0.00085520 0.0064185 0.0064771
Tocost -0.00021025
(-10.887) 0.00001931 -0.000211 -0.000210
Duck-Bag 0.083211
(19.815) 0.0041993 0.0830674 0.0833546
HFriend 0.14420
(7.3379) 0.019651 0.1435278 0.1448722
HStrangc -0.10601
(-4.2352) 0.025030 -0.106866 -0.105154
Congest2 -0.0035773
(-0.17202) 0.020796 -0.004289 -0.002866
Congest3 -0.20816
(-9.5557) 0.021784 -0.208905 -0.207415
Lease 0.15452
(7.2815) 0.021220 0.1537941 0.1552459
Public -0.066875
(-3.2275) 0.020720 -0.067584 -0.066166
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Table 5.6 Coefficient Estimate Results of the Rating Model for Hunters who
were members of a Waterfowl Club or Lease in Louisiana during 
the 1990-91 Waterfowl Hunting Season (using Weighted Squares 
Squares)
Source DF
Weighted Sum 
of Squares
Weighted Mean 
Squares F-Value
Model 19 0.22230E+06 11700 100.412
Error 180 20974 116.52
Total 199 0.24328E+06 1222.5
Dependent Variable = Y0
Durbin-Watson = 0.4383
R-Square = 0.9138
Adjusted R-Square == 0.9047
N = 835
Log Likelihood Function = -747.060
Variable
Parameter
(t-statistic)
Standard
Error
95 % Confidence 
Interval
Lower Upper
Alphao -11.767
(-7.4203) 1.5857
Alpha2 -0.68968
(-11.350) 0.060767 -0.693802 -0.685558
Alpha3 -0.52636
(-11.406) 0.046146 -0.529490 -0.523230
Alpha4 -0.38121
(-8.9631) 0.042532 -0.384095 -0.378325
A lphas -0.25022
(-6.3719) 0.039269 -0.252884 -0.247556
A lphas -0.91774
(-16.663) 0.055076 -0.921476 -0.914004
Alpha7 0.11786
(3.8138) 0.030904 0.1157638 0.1199562
Alpha8 0.32830
(11.289) 0.029080 0.3263275 0.3302725
Alpha, 0.59781
(20.058) 0.029805 0.5957884 0.5998316
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Table 5.6 Coefficient Estimate Results of the Rating Model for Hunters who
were members of a Waterfowl Club or Lease in Louisiana during 
the 1990-91 Waterfowl Hunting Season (using Weighted Squares 
Squares) (continued) __________________________
Alpha10 4.5100
(18.032) 0.25010 4.493036 4.526964
Travtime -0.16289
(-22.431) 0.0072618 -0.163383 -0.162397
Length 0.0067004
(7.0508) 0.0095030 0.0060558 0.0073450
Tocost -0.00014670
(-7.0028) 0.00002095 -0.000148 -0.000145
Duck-Bag 0.086884
(18.651) 0.0046585 0.0865680 0.0872000
HFriend 0.13658
(6.2887) 0.021718 0.1351069 0.1380531
HStrange -0.12283
(-4.4376) 0.027679 -0.124707 -0.120953
Congest2 0.0058127
(0.25343) 0.022936 0.0042570 0.0073684
Congest3 -0.21058
(-8.7957) 0.023941 -0.212204 -0.208956
Lease 0.17414
(7.4481) 0.023381 0.1725541 0.1757259
Public -0.10480
(-4.5019) 0.023280 -0.106379 -0.103221
Table 5.7 Coefficient Estimate Results of the Rating Model for Hunters
who Hunted on either a National Wildlife Refuge or a 
Wildlife Management Area in Louisiana during the 1990-91 
Waterfowl Hunting Season (using Weighted Least Squares)
Weighted Sum 
Source DF of Squares
Weighted Mean 
Squares F-Value
Model 19 10150 534.22 110.403
Error 200 870.98 4.8388
Total 199 11021 55.382
Dependent Variable = Yii
Durbin-Watson == 0.5527
R-Square = 0.9210
Adjusted R-Square = 0.9126
N = 458
Log Likelihood Function = -430.918
Variable
Parameter
(t-statistic)
Standard
Error
95 % Confidence 
Interval
Lower Upper
Alpha, -1.3656
(-5.1390) 0.26573
Alpha2 -0.70986
(-9.7048) 0.073145 -0.716559 -0.703161
Alpha3 -0.53241
(-12.294) 0.043307 -0.536376 -0.528444
Alpha4 -0.36930
(-8.1996) 0.045039 -0.373425 -0.365175
Alpha5 -0.19127
(-4.5034) 0.042473 -0.195160 -0.187380
Alpha* -0.97502
(-18.841) 0.051749 -0.979759 -0.970281
Alpha7 0.12100
(3.7785) 0.032024 0.1180671 0.1239329
Alphag 0.34239
(11.078) 0.030908 0.3395593 0.3452207
Alpha, 0.63138
(20.197) 0.031262 0.6285169 0.6342431
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Table 5.7 Coefficient Estimate Results of the Rating Model for Hunters 
who Hunted on either a National Wildlife Refuge or a 
Wildlife Management Area in Louisiana during the 1990-91 
Waterfowl Hunting Season (using Weighted Least Squares) 
(continued)
Alpha10 3.5733
(29.673) 0.12042 3.562271 3.584329
Travtime -0.13839
(-18.722) 0.0073916 -0.139067 -0.137713
Length 0.0076246
(8.0870) 0.00094282 0.0075383 0.0077109
Tocost -0.00022571
(-10.127) 0.00002229 -0.000228 -0.000224
Duck-Bag 0.085636
(17.035) 0.0050270 0.0851756 0.0860964
HFriend 0.14947
(6.8688) 0.021760 0.1474771 0.1514629
HStrange -0.056944
(-2.1056) 0.027044 -0.059421 -0.054467
Congest2 -0.022939
(-1.0274) 0.022327 -0.024984 -0.020894
Congest3 -0.22778
(-9.2155) 0.024717 -0.230044 -0.225516
Lease 0.12651
(5.3009) 0.023866 0.1243242 0.1286958
Public -0.022380
(-0.97947) 0.022849 -0.024473 -0.020287
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Table 5.8 Coefficient Estimate Results of the Rating Model for Hunters who
Hunted on a Commercial Hunting Site in Louisiana during the 
1990-91 Waterfowl Hunting Season (using Weighted Least 
Squares)
Weighted Sum 
Source DF of Squares
Weighted Mean 
Squares F-Value
Model 19 38467 2024.6 99.871
Error 180 3649 20.272
Total 199 42116 211.64
Dependent Variable = Y0
Durbin-Watson * 0.4191
R-Square = 0.9134
Adjusted R-Square = 0.9024
N = 327
Log Likelihood Function = -574.175
Variable
Parameter
(t-statistic)
Standard
Error
95 % Confidence 
Interval
Lower Upper
Alpha*, -2.3870
(-3.6988) 0.64534
Alpha2 -0.83904
(-11.999) 0.069923 -0.846619 -0.831461
Alpha3 -0.58360
(-12.773) 0.045690 -0.588552 -0.578648
Alpha4 -0.38624
(-9.1943) 0.042008 -0.390793 -0.381687
Alpha5 -0.24043
(-6.0194) 0.039943 -0.244759 -0.236101
Alpha6 -1.1084
(-15.746) 0.070395 -1.11603 -1.10077
Alpha7 0.18525
(5.6167) 0.032983 0.1816750 0.1888250
Alpha8 0.37960
(11.947) 0.031774 0.3761561 0.3830439
Alpha, 0.64462
(19.685) 0.032747 0.6410706 0.6481694
Table 5.8 Coefficient Estimate Results of the Rating Model for Hunters who
Hunted on a Commercial Hunting Site in Louisiana during the 
1990-91 Waterfowl Hunting Season (using Weighted Least 
Squares) (continued)
Alpha10 3.4689
(20.299) 0.17089 3.450378 3.487422
Travtime -0.16422
(-19.510) 0.0084174 -0.165132 -0.163308
Length 0.0074901
(7.1551) 0.0010468 0.0073766 0.0076036
Tocost -0.00011780
(-5.2844) 0.00002229 -0.000120 -0.000115
Duck-Bag 0.095304
(18.561) 0.0051345 0.0947475 0.0958605
HFriend 0.17187
(6.9649) 0.024677 0.1691953 0.1745447
HStrange -0.10652
(-3.4557) 0.030826 -0.109861 -0.103179
Congest2 0.029201
(1.1344) 0.025741 0.0264110 0.0319910
Congest3 -0.19351
(-7.4262) 0.026058 -0.196334 -0.190686
Public -0.24353
(-9.0514) 0.026905 -0.246446 -0.240614
Commsitc -0.15922
(-6.1411) 0.025927 -0.162030 -0.156410
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indicating that the fit is very good. Additional evidence 
that the model fits very well is given by the fact that 92.22 
percent of the variation in the odd ratio of ratings is 
explained by the coefficients.
The slope coefficient of TRAVTIME (-0.14454) gives the 
change in the log ratio of a waterfowl hunter giving trip 
vignette i a rating of j or higher per total decrease in 
TRAVTIME for a particular hunting season. Likewise, the 
slope of LENGTH (0.0064478) and DUCKBAG (0.083211) gives the 
change in the log ratio of a waterfowl hunter giving trip 
vignette i a rating of j or higher per total increase in 
LENGTH and DUCKBAG for a particular season (Table 5.5). The 
estimated coefficients in the WLS model are more efficient 
than the OLS model because the standard errors are lower and 
the t-ratios are much higher.
The model was first run with the CONGEST1 (no 
congestion), HALONE (hunting alone) and COMMSITE (hunting on 
a commercial hunting site) variables to determine which dummy 
variable to drop from each of the categories. COMMSITE has 
the expected negative sign but was statistically not 
significant, with a t-ratio of 0.0772. In addition, the 
number of respondents who hunted on a commercial hunting site 
rating the given 20 trip vignettes was 327, compared to 835 
hunters who belong to a Louisiana club or lease and 458 who 
hunted on a public site. Therefore, hunters who belong to a 
Louisiana waterfowl club or lease and hunters who hunted on
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public lands represent a better sample of the hunters who 
rated the 20 trip vignettes. CONGEST1 and HALONE were 
positive and statistically significant at the five and ten 
percent level of confidence, respectively.
The estimated coefficients of LENGTH (0.0064478) and 
DUCKBAG (0.083211) are positive and significant. This
implies that as the length of the hunting season and the 
daily duck bag limit increase, a waterfowl hunter would give 
a higher rating to a trip vignette reflecting these
characteristics. It also suggests the increasing marginal 
utility of hunting success. The estimated PUBLIC (-0.066875) 
and C0NGEST3 (-0.2 0816) coefficients were negative and 
significant, implying that hunters in general do not prefer 
to hunt on public lands. The estimated coefficient CONGEST2 
(-0.0035773) with a t-ratio (-0.17202) is not significant at 
the five and ten percent levels of significance. This
implies that the effect of low site congestion on trip
ratings is negligible (Table 5.5).
The estimated coefficient on TOCOST (-0.00021025) 
suggests an increasing marginal disutility of rating trip 
vignettes with a high TOCOST, which is consistent with the 
diminishing marginal utility theory. Hunters are reluctant 
to continue hunting waterfowl if the total cost of waterfowl 
hunting increases.
2 2 7
A marginal valuation of various trip attributes can be 
derived from the trip rating vignettes via WLS. For example, 
the marginal valuation of TRAVTIME, the responsiveness of the 
respondent's marginal willingness to incur a higher total 
cost to have travel time decreased, leaving the predicted 
rating unchanged, is given by the absolute value of
WTPT|me = “b/bj = -(-0.14454)/(-0. 00021025) [5.18]
= I - $687.47 I per season hour of travel time.
Since TRAVTIME is measured in hours, b1 represents 
logistically-transformed ratings points per season hour and 
TOCOST is in dollars, b3, represents logistically-transformed 
rating points per season dollar. Therefore, the ratio -b.,/b3 
expresses the time valuation in dollars per season hour. The 
value of $687.47 per season hour of travel time is the mid­
range value for TOCOST ($1,000), LENGTH (30 days), DUCKBAG (4 
ducks), and TRAVTIME (3 hours). The valuation of travel time 
in recreation in general is high relative to traditional time 
valuations derived from hourly wages which are typically 
employed in conventional travel-cost and hedonic analyses 
(Cesario, 1976; Ross, Steven and Allen, 1974). This 
valuation apparently reflects the implicit cost of displaced 
time at the hunting site more than the opportunity cost of 
work time. The high valuation of travel time is however 
consistent with lengthy waterfowl hunting seasons and large
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expenditures ($763.39 per season) incurred by many waterfowl 
hunters.
The marginal valuation of LENGTH and DUCKBAG is
W T P Len8 th = “ b 2 / b 3 = “ (0.0064478)/(-0.00021025) [5.19]
= $30.67
W^Duck ~ ”b4/b3 = “ (0.083211)/(-0.00021025) [5.20]
= $395.77
This value implies that the hunter is willing to pay $426.44 
to have the length of the hunting day per season extended and 
the daily duck bag limit increased from the present three 
ducks per day.
Implied WTP for type of hunting party and degree of site 
congestion can be derived, but are not meaningful because 
these attributes were not quantitatively defined. The values 
are given by
W T P Hfriend = “bs/b3 = ” (0 .14420)/(-0 . 00021025) [5.21]
= $685.85
W T P HStrange=  " V b3 = “ (“0.10601)/(-0. 00021025) [5.22]
= - $504.09
The average hunter implicitly is willing to pay $1,189.94 per 
season to hunt with close friends rather than with total 
strangers. The hunter is also willing to pay $990.06
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[-(-0.20816)/(-0.00021025) ] per season to have site 
congestion reduced from high to low. The average hunter 
implicitly is willing to spend $318.07 more [-(-0.066875)/ 
(-0.00021025)] to lease land for hunting rather than to hunt 
on a public hunting site.
The marginal valuation of travel time will decrease as 
the total trip expenditures increase. This implies that the 
average hunter is willing to travel longer distances for more 
costly trips. However, this may reflect some omitted trip 
attributes associated with total trip costs and may simply 
reflect a perceived complementarity of travel time and travel 
cost as trip inputs. The following sections present similar 
rating models for the three relevant sub-populations 
identified earlier.
Rating Model for Waterfowl Hunters who were Members of a 
Waterfowl Club or Lease
The survey yielded 840 usable responses (a 25.31 percent 
response rate) from hunters who are members of a Louisiana 
waterfowl club or lease. Of these 840 waterfowl hunters, 835 
provided usable ratings of the 20 trip vignettes in the 
conjoint section of the questionnaire.
Using the same model specification and estimation 
procedures, data for the hunters who hunted as a member of a 
club or lease was estimated (Table 5.6). The estimated 
coefficients of LENGTH (0.0067004), HFRIEND (0.13658), 
C0NGEST2 (0.0058127), and DUCKBAG (0.086884) are positive and
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significant at the five and ten percent level of 
significance, except for C0NGEST2. The estimated
coefficients for PUBLIC (-0.10480), HSTRANGE (-0.12283), and 
C0NGEST3 (-0.21058) were negative and significant at the five 
and ten percent level of significance, implying that hunters 
in general do not prefer to hunt on public sites since public 
hunting sites are easily accessible to all with greater 
potential for congestion.
The marginal valuation of TRAVTIME, the responsiveness 
of the respondent's marginal willingness to incur a higher 
total cost to have time decreased, is given by absolute value 
of
WTPTjme = “b^bj = -(-0.16289)/(-0.00014670) [5.23]
= I - $1,110.36 I per season hour of travel time.
This can be compared to the value ($687.63) estimated for all 
waterfowl hunters. Waterfowl hunters who are a member of a 
waterfowl club or lease are evidently willing to spend 
additional money to reduce travel time for hunting.
The marginal valuation of LENGTH and DUCKBAG is
W T P Length =  _ b z / b 3 = “ (0. 0067004)/(-0.00014670) [5.24]
= $45.67
WTPpuck = “b«/b3 = -(0.086884)/(-0.00014670) [5.25]
= $592.26
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This valuation implicitly suggests that lease hunters are 
willing to pay $637.93 to have the number of hunting days 
extended and the daily duck bag limit increased from the 
present three ducks per day. It is interesting to note that 
this is $133.84 more than the general hunting population 
indicated they would be willing to pay. The valuation of the 
estimated duck coefficient also reflects a value of $1,000 
per trip, yielding four ducks.
The implied WTP for type of hunting party and degree of 
site congestion are derived as
WTPHfriend = “b5/b3 = “ ( 0 . 13 658 )/(-0 . 00014 670) [5.26]
= $931.01
W T P H Strange= " V *3 3 =  “  ("0. 12283)/(-0. 00014670) [5.27]
= - $837.29
The average hunter implicitly is willing to pay $1,768.30 per 
season to hunt with close friends rather than with strangers. 
This valuation figure was expected to be more than that given 
by hunters who do not belong to a waterfowl club or lease. 
The lease hunter is also willing to pay $1,435.45 
[-(-0.21058)/(-0.00014670)] per season to have site 
congestion reduced from high to low. Congestion appears to 
be a very important factor in determining how many hunters 
would lease or belong to a club. The average hunter would 
not pay a substantial amount of money for a lease or to a
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club unless congestion is not an issue. The average hunter 
is implicitly willing to spend $714.38 more [-(-0.10480)/ 
(-0.00014670)] to lease land for hunting than to hunt on 
public hunting sites.
Rating Model for Waterfowl Hunters Who Hunted on either a 
National Wildlife Refuge (NWR) or a Wildlife Management Area (WMA)
The survey yielded 468 usable responses (a 14.12 percent 
response rate) from hunters who hunted on either a NWB or WMA 
in Louisiana. Of these 4 68 waterfowl hunters, 458 provided 
usable ratings of the 20 trip vignettes in the conjoint 
question (2.134 percent did not rate the given 20 trip 
vignettes) (Table 5.7). NWR and WMA are public hunting sites 
that are accessible to the general population. An average 
hunter who hunts on a public hunting site would expect the 
congestion and stranger rate to be higher. In addition, the 
marginal utility of successful hunting would be lower with 
more hunters and people present.
The marginal valuation of TRAVTIME, the responsiveness 
of the respondent's marginal willingness to incur a higher 
total cost to have travel time decreased while hunting on a 
public hunting site, is given by the absolute value of
W T P Time =  " b l / b 3 = -(“0.13839)/(-0.00022571) [5.28]
= I - $613.13 I per season hour of travel time.
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This value can be compared to $687.63 for all waterfowl 
hunters. It is expected that waterfowl hunters who hunt on 
public hunting sites would be willing to pay less to have 
their travel time decrease due to high congestion rates. The 
marginal valuation of LENGTH and DUCKBAG is give as
W T P Length = ~ h z / h 3 = “ (0.0076246)/(-0.00022571) [5.29]
= $33.78
W T P Duck =  ~1V'b3 = “ (0.085636)/(-0.00022571) [5.30]
= $379.40
This valuation implicitly implies that waterfowl hunters who 
hunted on a NWR or WMA are willing to pay $413.18 to have the 
hunting days extended and the daily duck bag limit increased 
from the present three ducks per day. The marginal valuation 
for HFRIEND and HSTRANGE is given by
W T P H friend = ~bs/b3 = "(0.14947)/(-0.00022571) [5.31]
= $662.22
W T P H Strange= - V b3 = -("0.05694)/(-0.00022571) [5.32]
= - $252.29
The average hunter is implicitly willing to pay $914.51 per 
season to hunt with close friends rather than with total 
strangers. This valuation figure also implies that hunters 
who hunted on public hunting sites regard friends as the most
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preferred type of hunting party. Since public hunting sites 
are generally accessible to all people at little or no cost, 
hunters would be more willing to take family members and 
friends to the public site as compared to a lease, club or 
commercial hunting site. The hunter is also willing to pay 
$1,009.17 [-(-0.22778)/(-0.00022571)] per season to have site 
congestion reduced from high to low. Congestion is still a 
very important factor in determining how many hunters would 
hunt on a public hunting site. However, the average hunter 
is implicitly willing to spend only $99.15 [-(-0.022380)/ 
(-0.00022571)] to lease land for hunting compared to hunting 
on public lands.
Rating Model for Waterfowl Hunters who Hunted on a Commercial Hunting Site
The survey yielded 328 usable responses (a 9.88 percent 
response rate) of hunters who hunted at a commercial site. 
Of these 328 waterfowl hunters, 327 provided usable ratings 
of the 20 trip vignettes in the conjoint question, while only 
0.3049 percent did not rate the given 20 trip vignettes.
The estimated coefficients of LENGTH (0.0074901), 
CONGEST2 (0.029201), HFRIEND (0.17187) and DUCKBAG (0.095304) 
are positive and significant at the five and ten percent 
level of significance except C0NGEST2 (t ratio of 1.13) . The 
estimated coefficients for PUBLIC (-0.24353), HSTRANGE 
(-0.10652), and C0NGEST3 (-0.19351) were negative and 
significant at the five and ten percent level of significance
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(Table 5.8). In this analysis, the LEASE variable was 
replaced by the COMMSITE variable to determine the 
significance of COMMSITE on hunters who hunted on a 
commercial hunting site. The estimated coefficient of 
COMMSITE (-0.15922) is significant at the five and ten 
percent level of significance, but negative. A factor 
contributing to this negative sign could be the amount of 
congestion present on the commercial hunting site.
The marginal valuation of TRAVTIME, the responsiveness 
of the respondent's marginal willingness to incur a higher 
total cost to have travel time decreased while hunting on a 
commercial hunting site, is given by the absolute value of
WTPlime = -bl/b3 = -(-0. 16422)/(-0. 00011780) [5.33]
= I - $1,394.06 I per season hour of travel time.
This value can be compared to $687.63, the estimated value 
for all waterfowl hunters. It is expected that waterfowl 
hunters who hunt on commercial hunting sites would be willing 
to pay more to have their travel time decrease.
The marginal valuations of LENGTH and DUCKBAG are given
by
W T P Length =  “ b 2 / b 3 = ~ (0. 0074901)/(-0.00011780) [5.34]
= $63.58
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W T P Duck =  ” b 4 / b 3 = “ (0.095304)/(-0.00011780) [5.3 5]
= $809.03
This valuation implicitly implies that hunters who hunt on 
commercial hunting sites are willing to pay $873.41 to have 
the number of hunting days extended and the daily duck bag 
limit to be increased from the present three ducks per day. 
The marginal calculations for HFRIEND and HSTRANGE are given 
by
W T P HFrie nd “ " b s / b 3 = “ (0.17187)/(-0.00011780) [5.36]
= $1,458.99
W T P HStrange=  ~ h ( / b 3 = -(-0 . 10652)/(-0.00011780) [5.37]
= -$904.24
The average hunter implicitly is willing to pay $2,363.23 per 
season to hunt with close friends rather than with total 
strangers. This valuation figure implies that hunters who 
hunted on commercial hunting sites also regard friends as the 
most preferred type of hunting party. The valuation figure 
is considerably higher when compared to the other models 
partly because of the low response rate for this sample 
group. This hunter is also willing to pay $1,642.70 
[-(-0.19351)/(-0.00011780)] per season to have site 
congestion reduced from high to low. Congestion is still a 
very important factor in determining how many hunters would 
hunt on a commercial hunting site.
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The average hunter is implicitly willing to spend 
$2,067.32 [-(-0.24353)/(-0.00011780)] to lease land for
hunting rather than hunt on a commercial hunting site at a 
given preference. The presence of congestion and strangers 
on commercial hunting sites could cause a reduction in a 
hunter's utility for hunting.
Overall, these results indicated that the average 
waterfowl hunter preferred to hunt on leased land with a low 
congestion rate. In addition, the average hunter preferred 
to hunt with friends and family members rather than with 
strangers. The results also indicated that the hunter's 
utility for hunting success would increase if the length of 
the hunting season and the daily duck bag limit were 
increased. The analysis implicitly accounts for a negative 
preference to hunt on a public hunting domain.
Box-Cox Transformation of the Waterfowl Hunter Rating Models
A problem frequently encountered by a researcher 
investigating the relationship between a dependent variable 
Y and some explanatory variables X1f X2,....,Xk is the 
specification of functional form relationship between the 
variables. Researchers may have strong a priori information 
about what variables to include in a particular model 
specification but they usually have little information about 
its precise functional form.
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Rather than a using restrictive functional form, recent 
research has recommended the use of flexible functional forms 
(Cooper, et al., 1987). A common recommended functional form 
is the Box-Cox. The Box-Cox transformation (Box and Cox, 
1964) has been employed frequently as a device to address the 
problem by applying a transformation to some or all of the 
variables in a relationship. A family of functions is then 
created, with one particular member of this family being 
defined by specifying a particular value (values) of the 
transformation parameters.
Mackenzie (1991) conducted experiments to test for the 
functional form of rating and ranking choices for the demand 
for an open space protection program in Delaware. The author 
concluded that even under misspecification of the equation 
and the existence of imperfect information, the Box-Cox 
functional form is preferred.
Tables 5.9 - 5.12 present estimation results of a non­
linear regression of the rating cell variable on the same 
set of right-hand side variables, with the Box-Cox 
formulation employed for TRAVTIME, LENGTH, TOCOST, and 
DUCKBAG. The Y.. and dummy variables are not transformed. 
Yy is a vector of weighted rating variables which is not 
positive. Mean values of the dummy variables give the 
percentage of survey respondents indicating the presence of 
the variable-defined attribute (Appendix A) . The increase in 
the models' sum of squares and the corresponding decrease
Table 5.9 Non-Linear Coefficient Estimate Results of the Box-Cox Rating
Model for All Hunters who Hunted in Louisiana during the 1990-91 
Waterfowl Hunting Season
Source DF
Weighted Sum 
of Squares
Weighted Mean 
Squares F-Value
Model 19 0.17754E+07 93442 128.188
Error 200 0.14579E+06 728.94
Total 199 0.19212E+07 9654.2
Dependent Variable = Y,j
Durbin-Watson = 0.3822
R-Square = 0.9241
Adjusted R-Square = 0.9161
N = 3283
Log Likelihood Function = -942.947
Variable
Parameter
(t-statistic)
Standard 95 % Confidence 
Error Interval
Lower Upper
A lphas -26.588
(-6.0023) 4.4296
Alpha2 -0.71110
(-12.827) 0.055438 -0.712996 -0.709204
Alpha3 -0.52718
(-13.777) 0.038266 -0.528489 -0.525871
Alpha4 -0.37088
(-10.479) 0.035391 -0.372091 -0.369669
Alphaj -0.23113
(-7.0919) 0.032590 -0.232245 -0.230015
Alpha^ -0.92757
(-18.397) 0.050420 -0.929295 -0.925845
Alpha7 0.13786
(5.2821) 0.026100 0.1369672 0.1387528
Alpha8 0.33970
(13.595) 0.024988 0.3388452 0.3405548
A lphap 0.60345
(23.999) 0.025145 0.6025899 0.6043101
Table 5.9 Non-Linear Coefficient Estimate Results of the Box-Cox Rating
Model for All Hunters who Hunted in Louisiana during the 1990-91 
Waterfowl Hunting Season (continued)
Alpha10 5.4641
(14.425) 0.37879 5.451143 5.477057
Travtime -0.39512
(-24.200) 0.016327 -0.395679 -0.394561
Length 0.023413
(7.7758) 0.0030110 0.0233100 0.0235160
Tocost -0.0013261
(-11.607) 0.00011425 -0.001330 -0.001322
Duck-Bag 0.23864
(21.156) 0.011280 0.2382541 0.2390259
HFriend 0.13978
(7.5979) 0.018397 0.1391507 0.1404093
HStrange -0.10899
(-4.6427) 0.023475 -0.109793 -0.108187
Congest2 0.000068897
(0.0035294) 0.019521 -0.000599 -0.000737
Congest3 -0.20334
(-9.9658) 0.020404 -0.204038 -0.202642
Lease 0.15550
(7.7898) 0.019962 0.1548172 0.1561828
Public -0.064371
(-3.3089) 0.019454 -0.065036 -0.063706
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Table 5.10 Non-Linear Coefficient Estimate Results of the Box-Cox Rating Model
for All Hunters who were members of a Waterfowl Club or Lease in
Louisiana during the 1990-91 Waterfowl Hunting Season
Source DF
Weighted Sum 
of Squares
Weighted Mean 
Squares F-Value
Model 19 0.22265E+06 11718 113.609
Error 200 20629 103.15
Total 199 0.24328E+06 1222.5
Dependent Variable = Yu
Durbin-Watson = 0.4025
R-Square = 0.9152
Adjusted R-Square == 0.9063
N = 835
Log Likelihood Function = -747.402
Variable
Parameter
(t-statistic)
Standard 95 % Confidence 
Error Interval
Lower Upper
Alpha*, -10.628
(-6.8033) 1.5622
Alpha2 -0.68904
(-12.061) 0.057128 -0.692915 -0.685165
Alpha3 -0.52222
(-12.028) 0.043417 -0.525165 -0.519275
Alpha4 -0.37872
(-9.4424) 0.040108 -0.381440 -0.376000
Alphas -0.24789
(-6.6846) 0.037084 -0.250405 -0.245375
Alpha,, -0.90112
(-17.533) 0.051397 -0.904606 -0.897634
Alpha7 0.12161
(4.1668) 0.029185 0.1196304 0.1235896
Alpha8 0.32927
(12.028) 0.027374 0.3274133 0.3311267
Alpha, 0.59330
(21.244) 0.027927 0.5914058 0.5951942
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Table 5.10 Non-Linear Coefficient Estimate Results of the Box-Cox Rating Model
for All Hunters who were members of a Waterfowl Club or Lease in
Louisiana during the 1990-91 Waterfowl Hunting Season (continued)
Alphal0 4.4828
(18.998) 0.23597 4.466794 4.498806
Travtime -0.32147
(-23.987) 0.013402 -0.322379 -0.320561
Length 0.016515
(7.2452) 0.0022794 0.0163604 0.0166696
Tocost -0.00056514
(-7.4119) 0.00076248 -0.000617 -0.000513
Duck-Bag 0.17825
(19.806) 0.0089998 0.1776396 0.1788604
HFriend 0.13217
(6.4723) 0.020421 0.1307849 0.1335551
HStrange -0.12548
(-4.8143) 0.026065 -0.127248 -0.123712
Congest2 0.0096570
(0.44694) 0.021607 0.0081914 0.0111226
Congest3 -0.20595
(-9.1449) 0.022520 -0.207478 -0.204422
Lease 0.17517
(7.9329) 0.022081 0.1736723 0.1766677
Public -0.10210
(-4.6528) 0.021943 -0.103588 -0.100612
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Table 5.11 Non-Linear Coefficient Estimate Results of the Box-Cox Rating Model for 
Hunters who Hunted on either a National Wildlife Refuge or a Wildlife 
Management Area in Louisiana during the 1990-91 Waterfowl Hunting 
Season
Source DF
Weighted Sum 
of Squares
Weighted Mean 
Squares F-Value
Model 19 10224 538.08 134.945
Error 200 797.49 3.9874
Total 199 11021 55.382
Dependent Variable =■ Y‘i
Durbin-Watson = 0.5572
R-Square = 0.9276
Adjusted R-Square = 0.9200
N = 458
Log Likelihood Function = -422.102
Variable
Parameter
(t-statistic)
Standard 95 % Confidence 
Error Interval
Lower Upper
Alpha, -1.0551
(-4.0227) 0.26230
AIpha2 -0.72455
(-10.912) 0.066402 -0.730631 -0.718469
Alpha3 -0.52191
(-13.373) 0.039027 -0.525484 -0.518336
Alpha4 -0.37199
(-9.0397) 0.041151 -0.375759 -0.368221
Alphaj -0.18494
(-4.7778) 0.038708 -0.188485 -0.181395
Alpha,; -0.94662
(-20.761) 0.045597 -0.950796 -0.942444
Alpha7 0.13465
(4.5889) 0.029343 0.1319626 0.1373374
Alpha, 0.34414
(12.294) 0.027992 0.3415764 0.3467036
Alpha, 0.61540
(22.264) 0.027641 0.6128685 0.6179315
2 4 4
Table 5.11 Non-Linear Coefficient Estimate Results of the Box-Cox Rating Model for
Hunters who Hunted on either a National Wildlife Refuge or a Wildlife 
Management Area in Louisiana during the 1990-91 Waterfowl Hunting 
Season (continued)
Alpha10 3.6381
(33.193) 0.10960 3.628062 3.648138
Travtime -0.38503
(-21.314) 0.018065 -0.386684 -0.383376
Length 0.034188
(8.8005) 0.0038848 0.0338322 0.0345438
Tocost -0.0023875
(-11.348) 0.00021039 -0.002407 -0.002368
Duck-Bag 0.25317
(19.125) 0.013237 0.2519577 0.2543823
HFriend 0.14244
(7.2424) 0.019667 0.1406388 0.1442412
HStrange -0.061939
(-2.5189) 0.024590 -0.064191 -0.059687
Congest2 -0.017507
(-9.7853) 0.020340 -0.019370 -0.015644
Conges t3 -0.21927
(-0.7853) 0.022408 -0.221322 -0.217218
Lease 0.12841
(5.8829) 0.021828 0.1264109 0.1304091
Public -0.017074
(-0.81937) 0.020838 -0.018982 -0.015166
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Table 5.12 Non-Linear Coefficient Estimate Results of the Box-Cox Rating Model for
Hunters who Hunted on a Commercial Hunting Site in Louisiana during
the 1990-91 Waterfowl Hunting Season
Source DF
Weighted Sum 
of Squares
Weighted Mean 
Squares F-Value
Model 19 38477 2025.1 111.294
Error 200 3639.2 18,1%
Total 199 42116 211.64
Dependent Variable = Y,
Durbin-Watson = 0.4279
R-Square = 0.9136
Adjusted R-Square == 0.9045
N = 327
Log Likelihood Function = -573.907
Variable
Parameter
(t-statistic)
Standard
Error
95 % Confidence 
Interval
Lower Upper
Alpha, -2.5076
(-4,1641) 0.60219
Alpha2 -0.84019
(-12.680) 0.066262 -0.847372 -0.833008
Alpha3 -0.58761
(-13.5641) 0.043320 -0.592305 -0.582915
Alpha4 -0.38770
(-9.7547) 0.039745 -0.392008 -0.383392
Alpha5 -0.23994
(-6.3546) 0.037758 -0.244033 -0.235847
Alpha* -1.1105
(-16.639) 0.066740 -1.11773 -1.10327
Alpha7 0.18536
(5.9418) 0.031196 0.1819787 0.1887413
Alphag 0.38017
(12.643) 0.030070 0.3769108 0.3834292
Alpha, 0.64812
(20.853) 0.031081 0.6447512 0.6514888
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Table 5.12 Non-Linear Coefficient Estimate Results o f the Box-Cox Rating Model for
Hunters who Hunted on a Commercial Hunting Site in Louisiana during
the 1990-91 Waterfowl Hunting Season (continued)
Alpha10 3.4652
(21.405) 0.16189 3.447653 3.482747
Travtime -0.12645
(-20.564) 0.061492 -0.133115 -0.119758
Length 0.0052095
(7.6916) 0.0067730 0.0044754 0.0059436
Tocost -0.000067075
(-5.6341) 0.00001190 -0.000068 -0.000066
Duck-Bag 0.072052
(19.624) 0.0036716 0.0716540 0.0724500
HFriend 0.17549
(7.4932) 0.023420 0.1729515 0.1780285
HStrange -0.10451
(-3.5794) 0.029198 -0.107675 -0.101345
Congest2 0.027980
(1.1481) 0.024372 0.0253384 0.0306216
Congest3 -0.19505
(-7.9018) 0.024684 -0.197725 -0.192375
Public -0.24655
(-9.6681) 0.025501 -0.249314 -0.243786
Commsite -0.16096
(-6.5600) 0.024536 -0.163619 -0.158301
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error sum of squares confirm that this Box-Cox model fits the 
data better than the untransformed models. The inclusion of 
exponential coefficients did however cause the asymptotic 
standard error of the exponential coefficient on TOCOST to be 
larger than the coefficient estimate.
The Box command of the SHAZAM Econometrics Computer 
Program (White and Horsman, 1986) was used to search for the 
parameters that maximized the likelihood functions of the 
four rating models. Because of different transformations and 
differences in the X value, direct comparison of the 
coefficients in the transformed and untransformed models is 
not possible. However, direct comparison of the t-statistics 
is possible and the R2 values are comparable to those of the 
weighted least square models.
In the four rating models, the insignificant coefficient 
on CONGEST2 suggests that the influence of the trip attribute 
of low congestion on trip vignette ratings is negligible. 
The results show strong preferences for hunting with friends 
versus hunting with strangers. In addition, the results 
suggest that travel time, length of the hunting season, total 
cost of hunting, and the daily duck bag limit do affect 
respondents' decision on trip vignette ratings. The 
TRAVTIME, LENGTH, TOCOST, DUCKBAG, CONGEST2, C0NGEST3, LEASE, 
PUBLIC, and COMMSITE regression coefficients have the 
hypothesized signs for all the four rating models. However, 
the estimated coefficient CONGEST2 is positive in the model
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where hunters hunted on commercial hunting sites. Low 
congestion could be a factor to hunters who hunt on 
commercial hunting sites, since these hunters have to pay a 
fee to hunt. The further the distance an average hunter has 
to drive, the less likely he would want to hunt. If the 
length of the hunting season and daily duck bag limits 
becomes too restrictive, this too would discourage hunters 
from hunting.
The F-statistics are high and significant at levels 
below 0.0001, indicating that the fit is very good in all 
four models. Further indication of the model fit is given by 
the R2 in the four models which is over 90 percent.
Non-linear least squares techniques are used to estimate 
the /3's and X jointly, thereby estimating the functional form 
as well. In the non-linear models, the derivation of 
marginal valuations of various trip attributes can also be 
estimated. Dummy variables are the exception. Since the 
dummy variables were not transformed and restricted to an 
exponential coefficient X = 1 , derivation of marginal
valuations of the dummy variables is not comparable to those 
of the untransformed WLS models.
The marginal valuation of travel time (TRAVTIME) for the 
all hunters rating model as derived from the Box-Cox 
transformation is given by the absolute value of (Table 5.9) :
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WTPTin)e = -b1TRAVTIMEai'1> /{bjTOCOST03'1’} [5.38]
= -[-0. 39512 (-0.39512'0*1'16) ]/[-0 . 0013261 (-0 . 0013261"°-1A6) ] 
= I - $684.51 I 
where A = 0.85400 (Box-Cox regression X)
The marginal valuation of TRAVTIME derived from the Box-Cox 
also increases as trip expenditures increase, implying 
hunters' willingness to pay to have travel time decrease. 
This implies the hunters valued the quality of time spent on 
the hunting sites more than driving to the hunting sites. 
The marginal valuation for LENGTH and DUCK as derived from 
the Box-Cox transformation is:
W T P Length = -b2LENGTHai'1) /  {b3TOCOSTa3'n } [5.39]
= -[0. 023413 ( 0. 023413‘°‘U6)/ [-0. 0013261 (-0 . 0013261'0-1*6) ] 
= I -$26.58 I 
where X =  0.85400 (Box-Cox regression A)
WTP„uck = -b4{DUCKBAG}ai’1> / {b3TOCOSTa3'1>} [5.40]
= -[0.23864 (0.23864'°*146)/[-0. 0013261 (-0.0013261‘0,U6) ]
= I -$384.00 I 
where A = 0.85400 (Box-Cox regression A)
Similarly, the marginal valuation for TRAVTIME, LENGTH and 
DUCKBAG for hunters who are members of a Louisiana lease or 
club is given by the absolute value of (Table 5.10):
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WTPHme = -t)1TRAVTIMEai'1> / {b3TOCOST(;3'1 > } [5.41]
=-[-0.32147 (-0.32147"0-117) ]/[-0 . 00056514 (-0 . 00056514‘°-117) ] 
= I -$1,194.86 I 
where X = 0.88300 (Box-Cox regression A)
WTPLength = -b2LENGTHa1'1> /{b3TOCOSTa3'1)} [5.42]
=-[0. 016515 (0. 016515'0-117] )/[-0.00056514 (-0 . 00056514'0-117) ] 
= I -$43.37 I 
where A = 0.88300 (Box-Cox regression A)
W T P Duck =  “b4{ DUCKBAG) a i ‘1) /  { b3TOCOSTa3‘1)} [5.43]
= -[0.17825 (0.17825'0'117) ]/[-0. 00056514 (-0. 00056514"0*117) ] 
= I -$618.36 I 
where A = 0.85400 (Box-Cox regression A) and
for hunters who hunted on either a NWR or a WMA (Table 5.11) ,
W T P Tin» “  -b1TRAVTIME(X1"1) / {b3TOCOST(X3‘1 >} [5.44]
=-[-0.38503 (-0.38503'0'235) ]/[-0 . 002 3875 (-0 . 0023875'0-117) ] 
= I -$532.51 I 
where A = 0.76500 (Box-Cox regression A)
WTPLength = -b2LENGTHai'1) /{^TOCOST'13^ ) [5.45]
= -[0.034188(0.034188"0*235) ]/[-0. 0023875 (-0. 0023875'0-235) ] 
= I -$26.76 I 
where A = 0.76500 (Box-Cox regression A)
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WTP0uck = -b4{DUCKBAG}ai'1) / (b3TOCOSTa3'1)} [5.46]
= -[0.25317 (0.25317'0-235) ]/[-0. 0023875 (-0 . 0023875'0'235) ]
= I -$317.29 I 
where A = 0.76500 (Box-Cox regression A), and
for hunters who hunted on commercial hunting sites (Table 
5.12),
WTprime = -b.|TRAVTIMEcl1'1) / {b3TOCOST(A3'1>} [5.47]
= - [-0.12645(-0.12645°'054) ]/[-0 . 000067075 (-0. OOOO67O 7 50-054) ] 
= I -$2,832.90 I 
where X = 1.05400 (Box-Cox regression A).
W T P Length =  "^LENGTH'11'^  /  {b3TOCOSTa3'1) } [5.48]
= -[0. 0052095 (0.00520950-054) ]/[-0. 000067075 (-0. OOOO67O750'054) ] 
= I -$98.24 I 
where A = 1.05400 (Box-Cox regression A)
WTPDuck = -b4{ DUCKBAG}ai‘1) / {b3TOCOSTa3'1)} [5.49]
= -[0. 072052(0. O72O52°*054]/[-O.000067075 (-0. 0000670760-054) ] 
= I -$1,565.91 I 
where A = 1.05400 (Box-Cox regression A).
The marginal valuations for TRAVTIME, LENGTH and DUCKBAG for 
hunters who hunted on commercial hunting sites are 
significantly higher when compared to the WLS rating models.
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For example, in the WLS model, TRAVTIME = $1,394.06, LENGTH 
= $63.58 and DUCKBAG = $809.03. The reason for the
differences lies primarily with the A value. The A generated 
via the Box-Cox transformation was significantly higher in 
this model than the other three rating models. This is one 
reason why direct comparison of the Box-Cox transformation 
within the rating models and across the WLS rating models is 
not possible. The results are not readily interpreted since 
the estimated /?'s depend on the power transformation of the 
A parameter. Selecting the A parameter value arbitrary would 
not necessarily have produced the best fitting functions and 
would seem to defeat the purpose for employing the Box-Cox 
transformation (i.e. allowing the data to select the best 
functional form).
The Box-Cox transformation permits a researcher to test 
the hypothesis that the population regression equation is 
linear with respect to the variables against some alternative 
hypothesis. The simplest test of linearity of the 
alternative hypothesis for the regression equation involves 
a power function of a given degree (A) . If the coefficients 
attached to the higher powers of the explanatory variable are 
all zero, the given power function reduces to a simple linear 
regression function (Kmenta, 1986). For example, if A, = 1 
and A2 = 0.85400 as in the rating model for all hunters, it 
implies that the model is a semi-log model (Johnston, 1984). 
In the rating model of hunters who hunted on commercial
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sites, A, = 1 and k 2 = 1.05400, implying that the model is 
linear. It should be noted that as the sample size 
increases, the width of the confidence interval becomes 
smaller. Similarly, as the estimated standard errors
decrease, the confidence interval decreases in length. In 
other words, for a given level of confidence, the higher the 
sample size or the lower the standard errors, the narrower 
the confidence interval and hence the better the precision of 
the estimates (Kmenta, 1986; Maddala, 1988).
Implications for Louisiana Management of Waterfowl
Results of this study indicate that the daily bag limit,
the length of the hunting season, and the congestion rate
were three significant factors affecting the waterfowl 
hunters' decision to hunt. During the 1990-91 duck hunting 
season, Louisiana had a season length of 3 0 days and a 
maximum daily bag limit of three ducks. The major complaint 
of most hunters surveyed was that the hunting season was too 
short and daily bag limits were too low. In addition, the 
cost of waterfowl hunting has increased, further discouraging 
hunters.
The daily bag limit and the length of the hunting season 
are institutional constraints tied to the National North
American Waterfowl Flyway Council Management Plan over which
individual hunters have no control. Since duck populations 
are on a decline, there is little doubt that the daily bag
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limit and the length of the hunting season will not be 
increased from the present level. The challenge facing 
policy makers is trying to reach a compromise that will 
maintain a viable waterfowl population as well as waterfowl 
hunting opportunities.
Results from this study should provide public waterfowl 
managers and private resource managers information concerning 
the demand for services at private and public sites. The 
rate of congestion factor in this analysis indicated that 
duck hunters preferred to hunt on hunting sites that are less 
congested. Duck hunters are willing-to-pay more to have a 
lower congestion rate in terms of leasing land either alone 
or with friends. This implies that duck hunters prefer to 
pay to hunt on private lands in order to avoid congestion and 
hunting with strangers rather than to hunt on free access 
public lands. Also, the results of this study provide 
valuable information concerning travel time and cost for 
representative hunters. This may be useful to decision 
makers considering further acquisition of land for waterfowl 
hunting.
This research has addressed the economic value and 
impact of waterfowl hunting in Louisiana. Combined with 
other research in the state focusing on other types of 
hunting, it may help to form the basis of future research on 
this valuable natural resource.
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Summary
This chapter has presented the empirical results of the 
conjoint analysis of waterfowl hunting in Louisiana. 
Following established conjoint analysis procedures, a series 
of empirical models was analyzed and used to generate 
willingness-to-pay valuations for relevant variables. 
Comparisons were made across models after corrections were 
made for econometric/data problems. The issue of
specification of functional form was addressed via the Box- 
Cox procedure. The following final chapter presents a 
summary of this study, indicating some of its limitation and 
areas for further research.
CHAPTER VI
SUMMARY AND CONCLUSIONS
Wetlands are one of the most biologically productive 
ecosystems in the world, producing numerous benefits for 
society. They provide habitat and food for many species of 
fish and wildlife. They help to maintain water quality by 
filtering pollutants and sediments, and they serve to control 
erosion. Wetlands have also been valued for a variety of 
wetland services including such things as recreation, 
agricultural production, timber, and commercial development. 
These services provided by wetlands have economic value if 
there is a private or public demand for the products, goods, 
and services. Considerable research has been devoted to 
identify and quantify major wetland values.
However, from an economic perspective, the diversity of 
functional services provided by wetlands complicates 
traditional economic analysis of wetland values. The public 
good, non-exclusiveness and non-market characteristics of 
wetlands are often reflected in wetland functions. The 
ecological and biological complexity of wetlands further 
contribute to valuation issues.
This research has identified and critically analyzed 
some of the potential economic techniques suggested for 
wetland valuation. Techniques reviewed include willingness- 
to-pay (WTP), the travel cost method (TCM), the contingent
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valuation method (CVM), hedonic travel cost method (HTCM), 
marginal value product (MVP), energy analysis (EA), ranking 
system, and conjoint analysis.
The general objective of this research was to
economically evaluate conjoint analysis (CJA) valuation 
technique for a wetland-based recreation experiences. The 
specific objectives were:
1. to review and evaluate non market valuation techniques 
for wetland-based recreation
2. to develop parameter estimates for wetland-based 
waterfowl recreation experiences
3. to evaluate the applicability of conjoint analysis in 
valuing wetland-based waterfowl recreation experiences
4. to identify and report policy implications for
waterfowl recreation experiences
Objective One
A comprehensive literature review was conducted on 
identified valuation techniques including WTP, TCM, CVM, 
HTCM, EA, MVP, ranking system and CJA, suggested for wetland 
valuation. Strengths and weaknesses of these techniques were 
evaluated in terms of their theoretical appropriateness, the 
quality of information yielded, and the costs of information 
collected.
The review of the literature identified in the process
of this research indicates that few efforts have been
attempted to determine the total economic value of a wetland. 
Rather, the value of specific goods or services derived from
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the use of a wetland were determined. In addition, the value 
of some services of wetlands were not transacted by either 
the buyers or sellers in the market transactions. The 
property rights issue for these services were ill-defined and 
the transaction costs between the owners of a wetland and 
beneficiaries of services were high. No market could be 
established to sell these services to potential buyers. As 
a result, the market price for wetlands tend not to reflect 
the value of these services.
Economic analysts have developed "shadow values" for 
wetland services when market prices are not available to 
provide a monetary valuation. A shadow value is based upon 
the demand and supply that would exist under ideal market 
conditions. Therefore, development of shadow values for 
wetland services (non-market services) is a search for a 
measure of people's value for those goods and services. An 
alternative to the dollar valuation based on resource or 
human preference valuation has been proposed. This 
alternative is a "preference rating scale (or scheme)". In 
these valuation techniques, preferences for wetland services 
are evaluated by an ordinal ranking scale and are not 
converted into monetary terms.
An existing potential valuation technique based on the 
ranking scale is the CJA which has been applied in modeling 
consumer preferences for multiattribute alternatives (Green 
and Srinivisan, 1978; Cattin and Wittink, 1982). Conjoint
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measurement embodies a sequence of attributes used to 
ascertain whether an individual's rank order preferences 
could be characterized by a composition rule applied to a set 
of independent variables (Luce and Tukey, 1964). The 
composition rule involved combining individual attributes to 
produce a judgment of relative value or utility. This 
valuation technique is an extension of the closed-end CVM 
technique where large numbers of attributes and levels can be 
included in the analysis without overwhelming the 
respondents.
Based on the techniques reviewed (WTP, TCM, CVM, HTCM, 
MVP, EA, ranking system, and CJA) in the literature, no 
single valuation technique could be identified as the most 
appropriate valuation technique for valuing wetland services, 
either conceptually or empirically. No single valuation 
technique can be generalized due to the biological complexity 
and productivity of wetlands. As a result, the weakness of 
the identified valuation techniques often lies with the users 
who are unfamiliar with correct application of valuation 
concepts and the failure to establish linkages from the 
wetland services to specific wetland areas and uses.
An overview of concerns as well as criticisms regarding 
the accuracy and interpretative meaningfulness of wetland 
value measures derived from existing valuation techniques was 
also presented. Prominent among those were concerns for 
biases resulting from the estimations. The potential for
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biases resulted in part from the market valuation context, as 
well as the nature of the commodity which may be unfamiliar 
to survey respondents. Bias-related propositions concerning 
the value of time, preference, cost and the perceptions of 
uncertainty are difficult to assess in these valuation 
techniques. In addition, given the sharp divergence and 
disparities in assumptions employed and the lack of a uniform 
valuation technique for evaluating wetland values and 
services across the many individual comparison studies, 
confusion and inconsistency in interpreting the available 
evidence is common.
Skepticism about the valuation techniques for wetland 
values and services has often focused on the appropriateness 
of each technique and the validity of the values derived from 
the technique. It is unclear if the value data can be 
trusted and whether the estimated values can be directly 
interpreted as estimates of welfare change consistent with 
accepted economic theory. This follows from the assortment 
of theoretical and empirical problems associated with the 
WTP, TCM, CVM, HTCM, MVP, EA, and ranking system as methods 
for estimating values for non-market goods.
The WTP approach has been criticized as a relatively 
narrow, economic measure of value that often does injustice 
to the broad costs and benefits that may be associated with 
a public good. The WTP approach asserts that individuals are 
able to make judgments about wetlands quality and that they
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can make the best decisions about the values and effects of 
wetlands preservation from their own benefits. This is a 
questionable assertion, since the effects of wetland losses 
are less known by the general public.
The TCM valuation approach uses cost of travel and the 
value of travel time as a proxy for WTP. The problems 
associated with the TCM techniques include value-allocation 
assumptions related to multi-purpose trips, dependence of 
costs on assumptions concerning flexible variable direct 
costs, cost of time spent in travel and on-site, and problems 
associated with obtaining values which are marginal. These 
problems result in dismissal of what was once regarded as the 
TCM's greatest potential strength, i.e that visitor values 
must equal or exceed travel costs otherwise the visit would 
not be made (Knetsch and Davis 1965). TCM tolerates 
considerable ambiguity regarding the exact cost to be 
included in the analysis. In addition, no study has
accounted for differences in taste. This omission may bias 
results since recreation sites are often adjacent to rural 
areas with population centers further away, and the rural 
population may well differ from their city neighborhood in 
relevant taste factors.
In economic applications such as the CVM, problems also 
exist. CVM establishes a hypothetical market for recreation 
in which recreationists respond to changes in price and 
availability of resources. The technique assumes the
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respondent can assign an accurate WTP value to their 
recreation experiences which were elicited directly in 
response to the survey. There is a potential for the 
respondents to be biased. Previous studies have indicated 
that people are less capable of providing market values using 
the CVM for commodities which are not traded in an existing 
market. Examples include commodities such as existence and 
option values for preserving environmental assets in which 
people have no experience in making prior choices. Potential 
source of bias in CVM include strategic behavior, payment 
vehicle influences, impact of free-riders, sampling, 
interview, or non-respondent bias, and information effects 
(Schulze, d'Arge, and Brookshire, 1981).
The HTCM might be expected to result in value estimates 
which more closely reflect the market value, thereby offering 
an appealing standard in comparing with the TCM and CVM 
techniques. The model is based on the assumption that 
attributes such as quality of a site is a good which can be 
bought in greater quantity by paying more. However, there is 
no market which intervenes between buyers and sellers in the 
often used recreational framework as there is in the housing 
market. Estimation problems that arise when implementing the 
HTCM include persistent collinearity between important 
variables and low explanatory power in the regression 
equations (Brookshire et al., 1984; Brown and Mendelsohn, 
1984) .
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Researchers have also employed EA, MVP and the ranking 
system in valuing wetland services and goods. The EA 
approach has not been widely accepted by economists because 
of its focus on the biological effect of the net energy 
system that society should maximize. This approach neglects 
other economic factors of wetland products and overestimates 
the value of wetlands. The MVP technique offers a better 
estimation technique than HTCM and EA. However, MVP's main 
focus has been the marine productivity of wetlands. Prices 
employed in the MVP valuation are biased downward and the 
assertion that the production function is homogeneous leading 
to non-exhaustion of the product is hypothetical and 
unrealistic.
The ranking system is a relatively new technique in 
valuing wetland services and goods. The technique is based 
on an ordinal ranking system in which an individual can say 
that a score of seven is better than a score of three but 
could not convert this ranking into monetary terms. In 
addition, ecological ranking systems are difficult to 
implement when some of the wetland services and goods are 
aesthetic in nature.
As noted earlier, concern over the problems of existing 
valuation techniques for wetland services and goods has led 
researchers to consider alternative mechanisms for eliciting 
values from wetlands, notably the use of CJA measurement. 
CJA has the same methodological foundations as CVM and
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contingent ranking. This technique can be employed to 
construct hypothetical trip choice sets, estimate the form of 
an indirect utility function for a single trip, and derive 
WTP measures for individual trip attributes. CJA offers 
considerable gains in information efficiency vis-a-vis the 
CVM and is more flexible. It also minimizes many of the 
biases that can arise in TCM and CVM studies. In addition, 
respondents are often more comfortable providing qualitative 
rankings and ratings of a given set of attributes which 
include prices rather than dollar valuations of the same 
bundle of goods without prices. Conjoint models can be used 
to derive WTP measurements associated with either marginal or 
discrete changes in environmental amenity levels. It also 
permits respondents to make choices or trade-offs identical 
to those they face in the marketplace, within a specified 
range of attribute variation.
In this research, an empirical and economic model was 
developed via the CJA to estimate waterfowl hunters' rating 
preferences in Louisiana. The results of the analysis 
indicate that the CJA method can support various 
specifications of the indirect utility function which are 
simple to estimate.
However, the application of CJA is not without its 
short-comings. One difficulty with CJA lies in deciding the 
number of attributes and levels to be included in the 
analysis. Questions also arise when deciding what type of
2 6 5
attribute to include in the analysis. A focus group was 
consulted in this research when designing the conjoint 
questions pertaining to the rating preferences of waterfowl 
hunters in Louisiana in order to address this issue. In 
addition, dividing the attribute levels objectively can be 
cumbersome and can lead to response biases. The value of the 
trade-off analysis is limited when the commodity involves 
only one or two attributes.
Another major concern in using the CJA method in valuing 
wetland services and goods is the validity and reliability of 
responses from the interviewees. If the hypothetical 
commodity being evaluated differs significantly from the 
actual commodity available in the marketplace, the responses 
may not be representative of how the respondent would 
actually responded in the ideal marketplace. Respondents may 
fail to respond to the questions due to the ambiguity of the 
conjoint questions or confusion due to the nature of the 
questions.
Another criticism of the conjoint method lies in the 
design process which scales down the number of permutations 
available. Unless significant jointness does not exist, that 
is, no interaction is evident or hypothesized between the 
attributes, scaling down the permutations to a manageable 
level could lead to biased results in the analysis.
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In conclusion, the CJA method is a relatively new 
technique in application to resources (Mackenzie, 1990 and 
1991; Halbrendt, el at., 1991). It does offer a potential 
valuation technique that is informationally superior to the 
conventional TCM, CVM, HTCM and MVP techniques since it takes 
taste and preferences into consideration.
Objective Two
This objective was accomplished by developing a conjoint 
analysis of recreational demand for wetland-based waterfowl 
hunting in Louisiana. The conjoint method, descriptive 
theories, and its economic foundations, were presented. CJA 
supports direct specification of the indirect utility 
function from which WTP measures can be derived. The method 
is shown to offer superior information efficiency and easier 
estimation than the traditional TCM and CVM valuation models.
For many years, decision makers, especially in the field 
of economics, sociology and psychology, focused systems of 
thought around a single attribute that was considered to be 
of prime importance in explaining choice behavior among sets 
of alternatives. Few have successfully dealt with the 
problem of alternatives that were characterized by two or 
more attributes. This raises the questions of how to 
determine the main attribute of the alternatives, how to 
measure their relative importance, and how to develop choice 
criteria. This is the acknowledged purpose of objective two,
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in which a theoretical and empirical economic model of rating 
waterfowl hunting trip vignettes for various hunting 
attributes was developed.
Primary data were obtained through a mail survey of 
7,500 waterfowl hunters who purchased waterfowl stamps in 
Louisiana during the 1990-91 waterfowl hunting season. The 
task of preparation of the survey instrument, procedures for 
gathering hunting trip related attributes, and the conjoint 
design which reduced 2,187 combinations of hunting trip 
vignettes to 20 were developed with the cooperation of the 
Louisiana Department of Wildlife and Fisheries and the 
Experimental Statistics Department at Louisiana State 
University.
Data obtained from the survey were used to develop a 
rank ordered logistic model to indicate the rating 
probability ratio of respondents giving vignette i a rating 
of j or higher and to identify factors that contributed to 
those rating probabilities. In the waterfowl hunting 
application presented, waterfowl hunting trip vignettes were 
described according to seven different attributes, with each 
attribute varying across three levels. The set of all 
possible trip vignettes includes 37 or 2,187 different 
combinations. A design algorithm was used to identify 20 
parsimonious sets of vignettes which permitted development of
2 6 8
marginal valuations of each level of each attribute without 
considering separate joint effects of the attributes (Saxton, 
Frederick, and Wright, 1991).
The rating of waterfowl hunting trip vignettes involved 
making decisions where the options under evaluation are 
multiattribute in nature. From the standpoint of
multiattribute decision-making process, CJA offers the best 
available valuation technique, decomposing the overall 
evaluations into implicit utilities for components of the 
multicomponent alternatives. The decomposition of the 
multicomponent alternatives indicates how respondents choose 
among multiattribute alternatives.
Therefore, the task of this CJA was to relate 
respondents' rating of trip vignettes to a set of 
prespecified hunting attributes which included travel time, 
site congestion, length of season, daily duck bag limit, 
total cost, type of hunting area, and type of hunting party.
Objective Three
Given the multiattribute nature of waterfowl hunting, 
conjoint measurement offers an attractive technique in 
estimating waterfowl hunters' part-worth utilities for 
different hunting attributes and levels. Primary data were 
used to analyzed the rating preferences of the respondents 
for 20 hunting trip vignettes given seven hunting trip 
related attributes varying at three levels each. From the
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data, rating models were developed for all waterfowl hunters, 
for waterfowl hunters who are a member of a Louisiana 
waterfowl club or lease, for waterfowl hunters who hunted on 
either a national wildlife refuge or a wildlife management 
area, and for waterfowl hunters who hunted on commercial 
hunting sites during the 1990-91 waterfowl hunting season.
While it may be a common practice to regress ratings of 
hunting trip vignettes against the attribute levels using 
ordinary least square (OLS) estimation, this procedure 
violates the classical utility theory assumption, yielding 
inconsistent and inefficient coefficients. CJA however is 
consistent with classical utility theory as long as a 
categorical rather than an OLS estimation procedure is 
employed.
Assuming each respondent1s ratings are systematic and 
consistent, the ratings will provide at least as much 
information concerning the respondents' preference for 
hunting attributes as ordinal rankings since they also 
provide some indication of the magnitude of the preference. 
Therefore, the specific statistical technique employed in 
this research was rank ordered logit estimated via a 
linearized logistic form with the intercept term decomposed 
into k-1 separate intercept dummies in order to capture the 
intervals between k rating levels.
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The linearized rating models were first estimated via 
the conventional OLS estimation procedure. However, OLS 
estimation yielded inconsistent and inefficient coefficients 
due to of the presence of heteroscedasticity. A suggested 
technique to correct for heteroscedasticity is weighted least 
squares. In weighted least square estimation, the rating 
models were transformed with weights. Weighted least square 
estimation yields consistent and efficient coefficients 
(Kmenta, 1986; Johnston, 1983).
Although economists and researchers often have a strong 
intuition as to what variables to include in a specific 
relationship, they often have little information concerning 
its precise functional form. Therefore, it is not uncommon 
that parameters entering a nonlinear form in a regression 
analysis reflect the uncertainty and inconclusiveness as to 
what model appropriately represents the relationship between 
two or more variables (Judge et al., 1988). It may be 
unclear whether there is a linear relationship between a 
dependent variable y and an independent variable x or the 
logarithm of y or x. The choice of the functional form in 
research may be dictated by other considerations like 
convenience in interpretation and some economic reasoning. 
This uncertainty can be corrected by way of a Box-Cox 
transformation model. In this research, a Box-Cox 
transformation on the rating models' regression coefficients
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of travel time, total cost, length of season, and daily duck 
bag limit was estimated to test whether it fits the data 
better than the untransformed rating models.
Objective Four
Identification of policy implications arising from the 
research were evaluated in terms of the hunting factors that 
significantly affect the waterfowl hunters1 rating of hunting 
trip preferences. The results derived from the survey as 
well as the rating models indicated that the variables 
reflecting daily bag limit and the length of the hunting 
season have the greatest impact on the respondents' rating 
preferences for a particular hunting trip vignette. 
Respondents were very sensitive to the restrictive factors 
that were affecting their hunting opportunities.
A major reason for the decline in duck hunters 
population is the restrictive institutional factors that 
hamper hunters1 hunting opportunities. In addition, the cost 
of duck hunting has increased, further discouraging hunters. 
Of particular interest to landowners is the income potential 
from leasing land for waterfowl hunting. With a decline in 
duck hunter population, less land may be leased. Landowners 
may lose incentives to invest in improving the lands which in 
turn may cause further damages to the potential habitat 
areas.
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The congestion factor also indicated that respondents, 
in general, are willing-to-pay more to hunt on private lands 
and clubs compared to open access public lands. The surveys 
indicated that respondents preferred to hunt on lands with 
low congestion rates and with friends.
Limitations and Future Research
Considerable time, effort, and funding have been devoted 
to wetlands research. However, academicians have not 
interacted well among themselves or with resource managers 
and administrators so that significant progress toward a 
single objective valuation in wetland products and services 
can be established. This lack of communication and 
cooperation has given rise to inefficiency in wetlands 
allocation by the public sector. Therefore, in view of the 
need for wetlands valuation both for decision making by 
private individuals and as a criteria for legislation 
protecting wetlands, a concerted effort must be developed to 
resolve the existing valuation problems. In addition, 
wetland valuation still tends to be fragmented across wetland 
functions, often without adequate consideration of 
biological, ecological, or cultural considerations. The true 
valuation studies identified in this research are primarily 
economic in approach, appealing to recognized concepts of 
value only.
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Additional efforts must be made to incorporate social 
and cultural considerations into the economic assessment 
process. Many of the economic techniques used to assess the 
non-market values of wetland functions or services do 
incorporate some element of socio-economic factors. However, 
previous studies explicitly assessing social and/or cultural 
considerations such as the heritage function of wetlands are 
limited. Public officials as well as private decision makers 
should instead address the valuation of wetland products and 
services in bundles. If the focus is one functional value of 
wetlands such as recreation, the study then becomes 
inadequate as a source for decision criteria.
Some of the limitations of this study of waterfowl 
hunters' trip rating preferences indicate some of the 
difficulties inherent in the conjoint method. For example, 
it is important that the component attributes included in the 
CJA design questions be a reasonably complete representation 
of the composite good and be clearly defined. The number of 
attributes varying across plausible levels (or ranges) must 
be well defined too. The conjoint design questions should be 
pre-tested extensively and revised as necessary to resolve 
any doubts or ambiguity that respondents might face in the 
survey process. Finally, the practical application of the 
conjoint method should be clearly identified. Conjoint
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designs with many attributes and levels are tempting, and may 
appear feasible to execute by scaling down the number of 
available permutations.
Future Research
The CJA approach refers to any decompositional method 
that estimates the structure of an individual's preference 
given the individual's overall evaluation set of alternative 
commodities that are prespecified in terms of levels of 
different attributes (Green and Srinivasan, 1978). CJA is 
appealing to many researchers because the approach can be 
employed to sort out the relative importance of a commodity's 
multidimensional attributes. Using CJA, a researcher can 
then draw inferences about an individual's preferences and 
attitudes toward specific component of a commodity that are 
not possible with the conventional valuation techniques such 
as the TCM, CVM, MVP, and HTCM.
This empirical study has further demonstrated that 
conjoint analysis can be an appealing extension of the 
conventional CVM approach. It illustrates how multiattribute 
commodities such as waterfowl hunting, which incorporate 
multiple non-market environmental amenities, can be evaluated 
to obtain marginal valuations of the attributes.
One possible area of future research involves testing 
the hypothesis that hunters' hunting behavior differs by 
location such as hunter origin or site location.
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Additionally, the optional point system and the fall flight 
index could be included in the conjoint design questionnaires 
to determine the effect these variables might have on the 
respondents' trip vignette rating preferences.
Other issues that can be addressed in future research 
include dividing the sample population into the West and East 
Zone as boundary designations. In addition, what are the 
effects on respondents' trip rating preferences if 
differential season lengths are proposed by zone? More 
specific designation of waterfowl species could be included 
in the conjoint design questions to determine the effect that 
particular duck species have on respondents' trip rating 
preferences.
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Appendix A
DESCRIPTIVE STATISTICS OF WATERFOWL HUNTERS WHO HUNTED 
IN LOUISIANA DURING THE 1990-91 WATERFOWL HUNTING SEASON
3 0 0
Table A.I. Profile of All Waterfowl Hunters who Hunted in Louisiana during the
____________1990-91 Waterfowl Hunting Season______________________________________
Variable Description Mean Std. Dev. Min. Max.
Percent of hunters who hunted during the 
1990-91 waterfowl hunting season
75.30 43.12
Total numbers of waterfowl shot: 
Ducks 
Geese
21.24
5.65
18.75
12.55
0
0
99
99
Total numbers of waterfowl hunting trips 
taken by hunters 11.35 9.30 1 80
Percent of other wildlife hunted 60.70 48.88
Percent of hunters indicating type of 
other wildlife hunted:
White-tailed-deer
Turkey
Rabbits
Squirrels
Other migratory birds 
Others
39.15
7.16
32.44
38.33
41.51
4.18
48.81 
25.79
46.81 
48.62 
49.27 
21.13
Percent of hunters who are a member of 
either a club/lease 25.42 43.54
Percent of hunters who hunted on either a 
National Wildlife Refuge or the Louisiana 
Wildlife Management Area 14.15 34.85
Percent of hunters who hunted on a 
commercial hunting site 9.97 29.97
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Table A.I. Profile of All Waterfowl Hunters who Hunted in Louisiana during the
1990-91 Waterfowl Hunting Season (continued)
Variable Description Mean Std. Dev. Min. Max.
Total cost of waterfowl hunting for the 
1990-91 waterfowl hunting season 763.39 640.14 5 50,000
Cost at which hunters stop hunting 3,232.59 45,763.95 1 1,000,000
Willingness-to-pay of waterfowl hunters 
not to hunt for one season 31,909.54 184 ,621.7 1 4,000,000
Minimum days in a duck hunting season 
Minimum daily bag limit of ducks
22.83
2.20
8.29
0.74
1
1
33
5
Total numbers of years respondent has 
been a waterfowl hunter 21.55 12.24 1 70
Age of waterfowl respondents 38.57 12.57 13 82
Percent gender of respondents: 
Male 
Female
95.57
2.02
20.54
14.09
Percent of respondents:
Living in cities of at least 50,001
White
Black
American Indian 
Hispanic 
Oriental 
Employed
Completed high school
Income of at least $35,000/year
35.43
96.50
0.54
0.33
0.12
0.00
79.87
92.32
57.16
47.83
18.39
7.36
5.76
3.47
0.00
40.10
26.62
49.48
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Table A.2. Profile of Waterfowl Hunters who were Members of a Waterfowl Club or
____________ Lease in Louisiana during the 1990-91 Waterfowl Hunting Season______
Variable Description Mean Std. Dev. Min. Max.
Price paid per acre 20.60 76.75 0.001 1000
Price paid per member 467.66 814.23 0.200 12,000
Acre per member 154.85 286.00 0.125 3,833
Member per acre 0.13 0.51 0.000 8
Percent of hunters who are a member of a 
waterfowl club/lease 25.42 43.54
Total number of members in club/lease 13.48 16.77 1.00 99
Percent of clubs that leased land for the 
purpose of waterfowl hunting 87.16 33.45
Lease price paid by club 3,938.73 8,554.36 1.00 114,000
Lease acreage by club 1,428.17 2,906.11 1.00 40,000
Distance of club/lease from members' home 
(one way) 51.28 47.90 2.00 270
Total numbers of waterfowl shot: 
Ducks 
Geese
27.86
7.26
20.64
14.76
0.00
0.00
99
99
Percent of club/lease members who hunted 
other wildlife 82.28 38.18
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Table A.2. Profile of Waterfowl Hunters who were Members of a Waterfowl Club or
Lease in Louisiana during the 1990-91 Waterfowl Hunting Season
____________ (continued) ________________ _____________
Variable Description Mean Std. Dev. Min. Max.
Percent of club/lease hunters indicating
type of other wildlife hunted:
White-tailed-deer 53.03 49.91
Turkey 11.77 32.22
Rabbits 44.95 49.74
Squirrels 46.02 49.84
Other migratory birds 56.72 49.55
Others 7.01 25.54
Percent of club/leased land described as:
Bottomland Hardwood
Cropland 7.61 22.87
Coastal Marsh 17.48 25.46
Swamp 52.31 48.33
Others 14.27 13.74
1.07 7.60
Percent of overall quality of land leased
by club/lease:
Poor 12.23 32.78
Fair 32.46 46.82
Good 28.77 45.27
Excellent 15.10 35.80
Percent of leased land by club/lease for
other recreational uses 56.84 49.53
Table A.2. Profile of Waterfowl Hunters who were Members of a Waterfowl Club or
Lease in Louisiana during the 1990-91 Waterfowl Hunting Season
____________ (continued)        ■
Variable Description Mean Std. Dev. Min. Max.
Percent of other recreational uses of 
leased land indicated by club/lease 
members:
Hunting, other than waterfowl 28.89 45.33
Camping 15.81 36.49
Boating 11.53 31.94
Fishing 37.45 48.40
Wildlife Viewing 20.19 40.07
Others 5.00 21.78
Total number of years land leased by
club/lease 12.76 12.33 1.00 70
Percent of lease agreement description:
Multi year 21.28 40.93
Yearly 61.47 48.66
Others 4.28 20.24
Percent of leased land with landowners 
providing:
Land preparation and flooding 13.44 34.10
Blinds and pits 11.18 31.51
Improved access 13.67 34.32
Liability insurance 3.92 19.42
None 58.50 49.27
Others 2.97 16.98
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Table A.2. Profile of Waterfowl Hunters who were Members of a Waterfowl Club or
Lease in Louisiana during the 1990-91 Waterfowl Hunting Season
____________ (cont inued)
Variable Description Mean Std. Dev. Min. Max.
Total cost of waterfowl hunting for the 
1990-91 waterfowl hunting season 1,371.93 1,872.58 5.00 25,000
Cost at which hunters stop hunting 3,177.84 40,220.97 1.00 1,000,000
Dollar compensation required not to hunt 19,781.67 12,0472.6 1.00 1,000,000
Minimum days in a duck hunting season 
Minimum bag limit of ducks
23.43
2.23
8.44
0.73
1.00
1.00
32
3
Total number of years respondents been a 
waterfowl hunter 24.46 12.06 1.00 62
Age of respondent 40.28 11.97 16.00 75
Percent gender of respondents: 
Male 
Female
98.81
0.95
10.84
9.71
Percent of respondents:
Living in cities of at least 50,001
White
Black
Employed
Completed high school
Income of at least $35,000/year
45.06
99.29
0.12
86.44
96.31
69.92
49.75
8.42
3.45
34.36
18.84
45.86 306
Table A.3. Profile of Waterfowl Hunters who Hunted on either a National Wildlife
Refuge (NWR) or a Louisiana Wildlife Management Area (WMA) in
____________Louisiana during the 1990-91 Waterfowl Hunting Season_________________
Variable Description Mean Std. Dev. Min. Max.
Percent of hunters who hunted on either 
NWR/WMA during the 1990-91 waterfowl 
hunting season 14.15 34.85
Total numbers of waterfowl shot: 
Ducks 
Geese
24.88
4.86
18.62
12.60
0
0
99
99
Per cent of other wildlife hunted on 
either NWR/WMA 85.90 34.80
Percent of hunters indicating type of 
other wildlife hunted on either NWR/WMA:
White-tailed-deer
Turkey
Rabbits
Squirrels
Other migratory birds 
Others
61.53
11.75
52.14
69.02
60.68
10.47
48.65
32.20
49.95
46.24
48.84
30.62
Total numbers of trip takens: 
NWR 
WMA
5.50
7.08
5.82
6.39
1
1
37
43
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Table A.3. Profile of Waterfowl Hunters who Hunted on either a National Wildlife
Refuge (NWR) or a Louisiana Wildlife Management Area (WMA) in
____________ Louisiana during the 1990-91 Waterfowl Hunting Season (continued)
Variable Description Mean Std. Dev. Min. Max.
One-way distance from hunters' home:
NWR 43.47 46.51 1 250
WMA 38.68 39.67 1 240
Percent of overall quality of NWR/WMA:
NWR:
Poor 1.71 12.96
Fair 8.42 27.34
Good 8.35 27.63
Excellent 6.64 24.89
WMA:
Poor 7.69 26.65
Fair 23.29 42.27
Good 33.33 47.14
Excellent 15.81 36.48
Total cost of waterfowl hunting for the
1990-91 waterfowl hunting season 640.32 897.29 25 7,500
Cost at which hunters stop hunting 3,740.11 51,859.39 1 1,000,000
Dollar compensation required not to hunt 44,648.97 197,073.7 5 1,000,000
Minimum days in a duck hunting season 21.29 9.01 1 31
Minimum daily bag limit of ducks 2.05 0.76 1 4
Table A.3. Profile of Waterfowl Hunters who Hunted on either a National Wildlife
Refuge (NWR) or a Louisiana Wildlife Management Area (WMA) in
____________Louisiana during the 1990-91 Waterfowl Hunting Season (continued)____
Variable Description Mean Std. Dev. Min. Max.
Total numbers of years respondent has 
been a waterfowl hunter 19.61 11.32 1 65
Age of respondents 34.69 11.91 13 75
Percent gender of respondents: 
Male 
Female 98.93
0.64
10.29
7.98
Percent of respondents:
Living in cities of at least 50,001
White
Black
Employed
Completed high school
With income of at least $35,000/year
34.61
98.93
0.21
77.78
93.80
49.68
47.57 
10.28
4.62
41.57 
24.11 
50.00
Table A.4. Profile of Waterfowl Hunters who Hunted on a Commercial Hunting Site
____________ in Louisiana during the 1990-91 Waterfowl Hunting Season_____________
Variable Description Mean Std. Dev. Min. Max.
Percent of hunters who hunted on a a 
commercial hunting site during the 1990- 
91 waterfowl hunting season 9.97 29.97
Total numbers of waterfowl shot: 
Ducks 
Geese
23.40
8.40
21.98
15.52
0
0
99
99
Percent of other wildlife hunted on a 
commercial hunting site 78.18 41.30
Percent of hunters indicating type of 
other wildlife hunted on a commercial 
hunting site:
White-tailed-deer
Turkey
Rabbits
Squirrels
Other migratory birds 
Others
46.65
13.94
33.33
40.30
58.18
7.57
49.89
34.63
47.14
49.05
49.33
26.46
Total numbers of trip takens to 
commercial hunting site: 3.37 7.40 1 70
One-way distance from hunters' home to 
the commercial hunting site: 105.68 79.40 1 406
Table A.4. Profile of Waterfowl Hunters who Hunted on a Commercial Hunting Site
____________ in Louisiana during the 1990-91 Waterfowl Hunting Season (continued)
Variable Description Mean Std. Dev. Min. Max.
Percent of overall quality of commercial 
hunting site:
Poor
Fair
Good
Excellent
7.27
24.24
34.24 
33.93
2.60
42.85
47.45
47.35
Dollars paid per day to hunt on the 
commercial hunting site 153.48 71.91 4 350
Percent of commercial hunting site 
landowners providing:
Overnight lodge and meals
Blinds and decoys
Guide services
Dressing and packaging game
Liability insurance
Others
79.09
96.06
86.36
67.57
28.77
4.54
40.66
19.45
34.32
46.81
45.28
20.83
Total cost of waterfowl hunting for the 
1990-91 waterfowl hunting season 1,446.69 2,497.74 5 25,000
Cost at which hunters stop hunting 5,842.99 63,700.09 1 1,000,000
Dollar compensation required not to hunt 31,099.41 148,900.1 1 1,000,000
Minimum days in a duck hunting season 
Minimum daily bag limit of ducks
22.74
2.23
8.42
0.71
1
1
31
4
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Table A.4. Profile of Waterfowl Hunters who Hunted on a Commercial Hunting Site
____________ in Louisiana during the 1990-91 Waterfowl Hunting Season (continued)
Variable Description Mean Std. Dev. Min. Max.
Total numbers of years hunter has been a 
waterfowl hunter 22.38 11.72 1 60
Age of respondent 40.08 11.13 15 73
Percent gender of respondent: 
Male 
Female
98.79
0.00
10.94
0.00
Percent of respondent:
Living in cities of at least 50,001
White
Black
Employed
Completed high school
With income of at least $35,000/year
53.03
98.48 
0.61
88.48 
95.45 
77.88
49.91 
12.21
7.76
31.92 
20.83 
41.51
Table A.5. Profile of Respondents Who Purchased Duck Stamps in Louisiana during
____________the 1990-91 Waterfowl Hunting Season but Did Not Hunt________________
Variable Description Mean Std. Dev. Min. Max.
Percent of respondents who bought duck 
stamps during the 1990-91 waterfowl
hunting season but did not hunt 23.36 42.31
Age of respondents 38.55 12.61 13 82
Percent gender of respondents:
Male 95.60 20.51
Female 2.02 14.08
Percent of respondents:
Living in cities of at least 50,001 35.19 47.76
White 96.51 18.36
Black 0.56 7.45
Employed 79.78 40.17
Completed high school 92.25 26.74
Income of at least $35,000/year 57.06 49.50
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Table B.l. Frequencies of Waterfowl Species Ranking by All Waterfowl
Hunters who Hunted in Louisiana during the 1990-91 Waterfowl
____________Hunting Season__________________________________________________
Frequencies of Waterfowl Species Ranking
Waterfowl 1 2 3 4 5 6 7 8 9 Total
Mallard 1415 476 251 112 57 20 19 38 0 2388
Pintail 284 671 505 417 201 147 32 45 3 2305
Teal 223 323 514 474 378 242 86 87 3 2330
Gadwall 68 115 224 290 422 385 351 388 5 2248
Wigeon 63 86 216 340 470 501 320 241 3 2240
Woodduck 333 443 324 247 260 386 113 219 5 2330
Snow or Blue 
Geese 53 116 87 152 241 253 670 553 13 2138
White-Fronted
Geese 240 145 151 199 179 167 400 632 25 2138
Others 29 20 13 11 17 11 28 29 59 217
Table B.2. Frequencies of Waterfowl Species Ranking by Waterfowl Hunters
who were Members of a Waterfowl Club or Lease in Louisiana
____________during the 1990-91 Waterfowl Hunting Season___________________
Frequencies of Waterfowl Species Ranking
Waterfowl 1 2 3 4 5 6 7 8 9 Total
Mallard 485 151 90 45 19 5 7 14 0 816
Pintail 123 249 158 123 64 48 13 10 2 790
Teal 88 119 167 155 132 79 26 32 1 799
Gadwall 34 58 99 110 126 123 114 111 1 776
Wigeon 34 32 100 131 180 159 84 55 0 775
Woodduck 75 112 104 84 97 164 49 94 3 782
Snow or Blue 
Geese 12 42 22 44 74 85 234 214 3 730
White-Fronted
Geese 75 53 45 73 59 55 152 207 7 726
Others 11 5 7 4 6 3 10 12 18 76
Table B.3. Frequencies of Waterfowl Species Ranking by Waterfowl Hunters 
who Hunted on either a National Wildlife Refuge or a 
Louisiana Wildlife Management Area during the 1990-91 
____________Waterfowl Hunting Season_____________________________________
Frequencies of Waterfowl Species Ranking
Waterfowl 1 2 3 4 5 6 7 8 9 Total
Mallard 292 79 35 17 8 4 2 4 0 441
Pintail 49 113 88 80 43 40 5 9 2 429
Teal 26 46 106 80 72 53 17 24 1 425
Gadwall 11 29 43 70 82 83 47 51 1 417
Wigeon 15 18 47 73 101 79 47 36 2 418
Woodduck 66 118 68 42 32 59 18 30 0 433
Snow or Blue 
Geese 7 16 15 23 36 48 132 104 4 385
White-Fronted
Geese 21 17 24 29 29 28 92 135 8 383
Others 8 10 2 2 5 4 8 5 17 61
Table B.4. Frequencies of Waterfowl Species Ranking by Waterfowl Hunters
who Hunted on a Commercial Hunting Site in Louisiana during
____________the 1990-91 Waterfowl Hunting Season___________________________
Frequencies of Waterfowl Species Ranking
Waterfowl 1 2 3 4 5 6 7 8 9 Total
Mallard 158 65 48 26 11 3 3 8 0 322
Pintail 49 102 62 56 25 12 7 7 0 320
Teal 38 36 67 54 49 40 24 14 0 322
Gadwall 4 13 18 36 45 67 55 70 2 310
Wigeon 5 10 27 45 67 66 55 36 0 311
Woodduck 20 35 44 29 50 57 32 47 2 316
Snow or Blue 
Geese 4 30 14 32 34 40 63 87 4 308
White-Fronted
Geese 53 27 33 35 38 23 55 43 0 307
Others 4 2 3 1 2 1 2 5 8 28
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FREQUENCIES OF WATERFOWL HUNTING TRIP FEATURES RANKING 
BY WATERFOWL HUNTERS WHO HUNTED IN LOUISIANA DURING THE 
1990-91 WATERFOWL HUNTING SEASON
319
Table C.l. Frequencies of Waterfowl Hunting Trip Features Ranking
that Most Influence All Waterfowl Hunters who Hunted in
____________ Louisiana during the 1990-91 Waterfowl Hunting Season
Frequencies of Waterfowl Hunting Trip Features Ranking
Waterfowl
Features l 2 3 4 5 6 7 8 9 10 Total
Travel
time 272 151 174 254 374 221 259 238 146 238 2327
Site 
congest. 205 152 145 176 251 222 262 276 219 410 2318
Type of 
hunt party 215 148 118 142 181 162 225 206 277 656 2330
Total cost 
per season 262 126 211 262 465 285 238 173 110 175 2307
Max. bag 
limit/day 314 209 150 215 331 268 223 185 170 264 2329
Type of 
hunt area 140 141 122 188 294 241 281 309 253 356 2325
Length of 
season 276 179 159 302 364 244 269 198 143 182 2316
Others 48 9 58 8 8 13 16 56 22 177 415
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Table C.2. Frequencies of Waterfowl Hunting Trip Features Ranking 
that Most Influence Waterfowl Hunters who were members 
of a Waterfowl Club or Lease in Louisiana during the 
___________1990-91 Waterfowl Hunting Season______________________
Frequencies of Waterfowl Hunting Trip Features Ranking
Waterfowl
Features 1 2 3 4 5 6 7 8 9 10 Total
Travel
time 87 49 66 91 128 81 85 91 47 62 787
Site
congest. 49 45 46 56 94 74 102 96 69 149 780
Type of 
hunt party 68 30 33 38 55 50 84 82 104 244 788
Total cost 
per season 82 40 70 95 167 89 72 62 42 53 772
Max. bag 
limit/day 97 71 46 76 107 108 73 66 48 88 780
Type of 
hunt area 45 50 43 64 98 82 91 105 84 120 782
Length of 
season 90 61 49 100 128 84 79 53 55 77 776
Others 19 0 19 3 4 7 6 20 8 68 154
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Table C.3. Frequencies of Waterfowl Hunting Trip Features Ranking 
that Most Influence Waterfowl Hunters who Hunted on 
either a National Wildlife Refuge or a Louisiana 
Wildlife Management Area during the 1990-91 Waterfowl 
___________Hunting Season________________________________________
Frequencies of Waterfowl Hunting Trip Features Ranking
Waterfowl
Features 1 2 3 4 5 6 7 8 9 10 Total
Travel
time 52 30 37 51 71 53 42 40 20 41 437
Site 
congest. 38 29 32 20 49 31 54 52 50 78 433
Type of 
hunt party 41 36 21 29 38 41 35 42 53 101 437
Total cost 
per season
47
17 41 54 100 45 35 40 19 30 428
Max. bag 
limit/day 48 52 33 39 60 55 43 32 30 43 435
Type of 
hunt area 28 34 24 37 51 44 56 53 49 62 438
Length of 
season 52 25 32 68 72 40 53 35 28 28 433
Others 13 4 11 4 2 3 6 12 2 46 103
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Table C.4. Frequencies of Waterfowl Hunting Trip Features Ranking 
that Most Influence Waterfowl Hunters who Hunted on a 
Commercial Hunting Site in Louisiana during 1990-91 
___________Waterfowl Hunting Season______________________________
Frequencies of Waterfowl Hunting Trip Features Ranking
Waterfowl
Features 1 2 3 4 5 6 7 8 9 10 Total
Travel
time 36 19 22 35 58 25 35 33 18 25 306
Site 
congest. 29 16 20 15 36 37 35 38 30 51 307
Type of 
hunt party 33 18 14 10 23 15 33 23 38 103 310
Total cost 
per season 30 21 25 32 66 40 28 24 15 26 307
Max. bag 
limit/day 33 18 29 29 46 39 29 30 23 36 312
Type of 
hunt area 19 19 11 30 34 28 42 38 44 45 310
Length of 
season 39 17 18 52 48 29 39 21 21 28 312
Others 4 1 6 3 0 1 2 8 4 18 47
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Table D.l. Frequencies of Season Ratings that Most Influence
Waterfowl Hunters who Hunted in Louisiana during 1990-91
____________Waterfowl Hunting Season __________________________________
Frequencies of Season Ratings
Seasons 1 2 3 4 5 6 7 8 9 10 Total
Seasonl 379 162 178 159 385 177 239 277 117 182 2255
Season2 389 147 155 181 259 163 230 281 176 283 2263
Season3 817 342 281 208 217 94 96 67 33 57 2212
Season4 1137 366 239 143 133 51 52 20 22 46 2209
Seasons 718 244 218 187 234 161 127 151 71 121 2232
Season6 585 252 267 258 316 186 138 118 56 46 2222
Season7 670 323 316 280 282 130 101 50 21 30 2203
Seasons 1100 391 249 156 126 57 42 30 15 31 2197
Season9 274 99 110 101 199 184 213 298 254 531 2263
SeasonlO 646 301 317 243 283 150 128 85 32 42 2227
Seasonll 429 269 284 305 327 204 173 126 57 53 2227
Seasonl2 768 422 291 229 200 113 72 52 31 31 2209
Seasonl3 333 203 230 264 317 242 226 188 88 161 2252
Seasonl4 644 349 300 281 233 147 106 75 41 43 2219
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Table D.l. Frequencies of Season Ratings that Most Influence
Waterfowl Hunters who Hunted in Louisiana during 1990-91
____________Waterfowl Hunting Season (continued)______________________
Frequencies of Season Ratings
Seasons 1 2 3 4 5 6 7 8 9 10 Total
Seasonl5 1067 360 258 196 118 75 36 26 12 38 2186
Seasonl6 1330 346 215 126 71 26 21 11 7 35 2188
Seasonl7 806 383 335 227 179 102 65 39 16 36 2188
Seasonl8 539 222 234 209 234 177 163 189 111 132 2210
Seasonl9 635 244 277 245 257 155 134 126 57 72 2202
Season20 1253 401 242 130 61 26 12 16 8 37 2186
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Table D.2. Frequencies of Season Ratings that Most Influence
Waterfowl Hunters who were Members of a Waterfowl Club or 
___________Lease in Louisiana during 1990-91 Waterfowl Hunting Season
Frequencies of Season Ratings
Seasons l 2 3 4 5 6 7 8 9 10 Total
Seasonl 136 56 61 47 130 61 75 87 41 68 762
Season2 116 45 53 58 94 55 87 97 72 93 770
Season3 270 130 95 68 77 34 34 18 13 16 755
Season4 387 120 90 45 54 13 13 9 10 14 755
Season5 263 89 87 58 76 48 43 47 13 39 763
Season6 188 72 100 89 110 57 59 43 28 17 763
Season7 219 94 112 94 124 46 35 14 7 9 754
Seasons 421 120 80 51 37 7 8 4 6 9 743
Season9 65 22 23 28 66 56 69 104 103 236 772
SeasonlO 228 94 124 78 85 48 43 29 9 18 756
Seasonll 153 101 91 104 119 63 46 41 21 21 760
Seasonl2 241 137 107 67 76 45 25 25 10 17 750
Seasonl3 118 74 86 91 104 82 73 56 33 46 763
Seasonl4 241 106 113 96 73 46 35 19 13 15 757
Table D.2. Frequencies of Season Ratings that Most Influence
Waterfowl Hunters who were Members of a Waterfowl Club or 
Lease in Louisiana during 1990-91 Waterfowl Hunting Season 
(continued) ___ _______  _____
Frequencies of Season Ratings
Seasons 1 2 3 4 5 6 7 8 9 10 Total
Seasonl5 360 120 90 77 37 23 10 7 7 16 747
Seasonl6 477 110 69 43 25 5 2 2 2 14 749
Seasonl7 275 144 109 79 61 39 16 9 4 11 747
SeasonIS 195 75 87 70 70 55 51 65 42 45 755
Seasonl9 236 81 95 84 89 52 41 32 14 25 749
Season20 417 143 84 45 21 8 3 4 3 14 742
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Table D.3. Frequencies of Season Ratings that Most Influence
Waterfowl Hunters who Hunted on either a National Wildlife 
Refuge or a Louisiana Wildlife Management Area during 
1990-91 Waterfowl Hunting Season__________________________
Frequencies of Season Ratings
Seasons 1 2 3 4 5 6 7 8 9 10 Total
Seasonl 52 36 35 30 73 37 55 59 21 25 423
Season2 48 26 27 24 50 32 36 69 39 79 430
Season3 152 55 50 46 46 25 18 12 2 12 418
Season4 194 65 51 34 29 8 16 6 5 11 419
Season5 105 39 31 49 46 37 33 33 16 33 422
Season6 103 53 54 47 60 34 27 18 10 8 414
Season7 107 72 64 50 55 22 16 17 5 7 415
Season8 193 75 38 31 31 17 14 8 1 7 415
Season9 48 17 8 23 42 48 40 52 52 96 426
SeasonlO 101 55 60 49 65 30 31 22 5 6 424
Seasonll 59 43 42 60 73 42 43 36 14 13 425
Seasonl2 131 76 68 50 40 24 13 7 5 5 419
Seasonl3 39 28 42 44 53 61 43 55 15 49 429
Seasonl4 94 66 62 64 52 26 22 20 6 7 419
Table D.3. Frequencies of Season Ratings that Most Influence
Waterfowl Hunters who Hunted on either a National Wildlife 
Refuge or a Louisiana Wildlife Management Area during 
___________ 1990-91 Waterfowl Hunting Season (continued)______
Frequencies of Season Ratings
Seasons 1 2 3 4 5 6 7 8 9 10 Total
Seasonl 52 36 35 30 73 37 55 59 21 25 423
Season2 48 26 27 24 50 32 36 69 39 79 430
Season3 152 55 50 46 46 25 18 12 2 12 418
Season4 194 65 51 34 29 8 16 6 5 11 419
Seasons 105 39 31 49 46 37 33 33 16 33 422
Season6 103 53 54 47 60 34 27 18 10 8 414
Season7 107 72 64 50 55 22 16 17 5 7 415
Seasons 193 75 38 31 31 17 14 8 1 7 415
Season9 48 17 8 23 42 48 40 52 52 96 426
SeasonlO 101 55 60 49 65 30 31 22 5 6 424
Seasonll 59 43 42 60 73 42 43 36 14 13 425
Seasonl2 131 76 68 50 40 24 13 7 5 5 419
Seasonl3 39 28 42 44 53 61 43 55 15 49 429
Seasonl4 94 66 62 64 52 26 22 20 6 7 419
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Table D.4 Frequencies of Season Ratings that Most Influence
Waterfowl Hunters who Hunted on a Commercial Hunting Site
____________ in Louisiana during 1990-91 Waterfowl Hunting Season_____
Frequencies of Season Ratings
Seasons 1 2 3 4 5 6 7 8 9 10 Total
Seasonl 49 25 21 16 51 21 36 42 8 20 289
Season2 41 14 21 16 34 16 41 47 21 44 295
Season3 93 42 40 25 33 19 15 13 5 3 288
Season4 144 47 25 18 26 7 9 2 5 2 285
Seasons 102 26 35 27 31 21 19 14 7 6 288
Season6 68 23 38 37 43 18 21 22 13 7 290
Season7 76 32 36 41 40 29 19 6 2 4 285
Season8 143 49 36 17 18 3 6 7 2 2 283
Season9 26 8 14 15 25 24 31 50 43 59 295
SeasonlO 72 47 45 26 37 25 16 12 8 2 290
Seasonll 46 27 42 43 37 33 21 25 11 5 290
Seasonl2 89 58 31 26 25 20 14 12 3 1 279
Seasonl3 34 27 38 38 40 31 32 29 9 14 292
Seasonl4 77 44 42 38 37 16 17 6 5 5 287
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Table D.4 Frequencies of Season Ratings that Most Influence
Waterfowl Hunters who Hunted on a Commercial Hunting Site 
in Louisiana during 1990-91 Waterfowl Hunting Season 
(continued) ______ ______  ____________
Frequencies of Season Ratings
Seasons 1 2 3 4 5 6 7 8 9 10 Total
Seasonl5 138 52 27 32 17 8 2 3 3 3 285
Seasonl6 195 36 23 18 7 1 1 1 0 0 282
Seasonl7 98 57 39 27 25 19 8 4 1 4 282
SeasonIS 75 27 32 27 30 19 23 29 11 11 284
Seasonl9 80 26 34 33 38 25 22 8 11 9 286
Season20 157 59 29 19 11 1 0 1 0 2 279
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INITIAL WATERFOWL HUNTER SURVEY COVER LETTER
May 28, 1991
Dear Waterfowl Hunter:
Waterfowl hunting is one of Louisiana's most popular 
forms of outdoor recreation. Proper management of this 
wildlife resource can help ensure that waterfowl hunting, 
along with its many benefits, continues for future 
generations.
You are among a selected group of waterfowl hunters chosen 
for participation in this study about waterfowl hunting in 
Louisiana. For this study to be truly representative, it is 
important that this questionnaire be completed and returned 
by you.
You may be assured of complete confidentiality. The 
identification number that appears on the questionnaire is 
for mailing purposes only, allowing us to check your name off 
of the mailing list when your questionnaire is returned. Your 
name will never be connected with your answers in any way.
The results of this research will be made available to you, 
state wildlife management officials, and all interested 
citizens of Louisiana. You may request a summary of the 
results by writing "copy of results requested" on the back of 
the returned envelope, and printing your name and address 
below it. Please do not put this information on the 
questionnaire.
If you have any questions regarding the questionnaire or 
require additional information, please call the LSU research 
team at (504) 388-2763.
Thank you for your cooperation.
Sincerely,
Dr. E. Jane Luzar 
Associate Professor 
LSU Department of Agricultural 
Economics and Agribusiness
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TEXT OF WATERFOWL HUNTER FOLLOW-UP POST CARD
Dear Waterfowl Hunter: May 20, 1990
Recently a questionnaire seeking information about your 
hunting experiences during the 1989-90 waterfowl hunting 
season was mailed to you. This card is just a reminder to 
please fill out the questionnaire. If you have already 
completed and returned it to us please accept our thanks. If 
not, please do so toda'j . It is extremely important that your 
questionnaire be completed and returned by you so that the 
results of this study will be truly representative of
Louisiana's waterfowl hunters. If by some chance you did not
receive the questionnaire, or it has been misplaced, please
call us at (504) 388-2763 and I will get another one in the
mail to you today.
Sincerely,
E. Jane Luzar 
LSU Waterfowl 
Hunting Study
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FOLLOW-UP WATERFOWL HUNTER COVER LETTER
June 21, 1991
Dear Waterfowl Hunter:
About three weeks ago we mailed a Louisiana Waterfowl 
Hunting questionnaire to you seeking information about your 
waterfowl hunting experiences during the 1990-91 waterfowl 
hunting season. As of today, we have not received your 
completed questionnaire.
We are writing to you again because of the significance 
each questionnaire has to the usefulness of this study. Your 
name was chosen through a random selection process in which 
every waterfowl hunter in Louisiana had an equal chance of 
being selected. In order for the results of this study to be 
truly representative, it is important that each waterfowl 
hunter in the sample return the questionnaire. We are 
enclosing another copy of the questionnaire in case your 
questionnaire has been misplaced. We emphasize that your 
answers will be held in complete confidence and will be used 
only for the purposes of this study.
If you have already completed and mailed your 
questionnaire to us, please disregard this reminder. Thank 
you once again for your cooperation.
Sincerely,
Dr. E. Jane Luzar 
Associate Professor 
LSU Department of Agricultural 
Economics and Agribusiness
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LOUISIANA WATERFOWL HUNTING SURVEY
3 3 8
In the following section, please tell us about your 
Louisiana waterfowl hunting experiences during the 
1990-1991 waterfowl hunting season.
Q-l Did you hunt waterfowl (ducks or geese) in Louisiana 
during the 1990-1991 waterfowl hunting season?
(circle the number)
1 YES —  If YES, please go to Q-2
2 NO —  If NO, please go to Q-36
Q-2 Please indicate the type of waterfowl you prefer to hunt 
by ranking the following waterfowl from 1 to 9, with 1 
being the most preferred and 9 being the least 
preferred.
  Mallard
  Pintail
  Teal (Blue-winged or Green-winged)
  Gadwall (Grey duck)
  Wigeon
  Wood duck
  Snow or Blue Geese
  White-Fronted Geese (Speckledbelly)
  Others (please specify) ______________________
Q—3 During the 1990-1991 waterfowl hunting season, how many 
waterfowl did you shoot and retrieve?
  Ducks
Geese
Q—4 During the 1990-1991 waterfowl hunting season, how many 
trips did you take to hunt waterfowl?
  Total number of trips to hunt
Q—5 During 1990-1991, did you hunt other wildlife in 
addition to waterfowl? (circle the number)
1 YES   If YES, please go to Q-6
2 NO - If NO, please go to Q-7
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Q-6 Which of the following did you also hunt during 1990- 
1991? (circle the numbers)
1 White-tailed deer
2 Turkey
3 Rabbits
4 Squirrels
5 Other migratory species (Doves, Woodcock, 
etc.)
6 Others (please specify) _____________________
Q-7 Are you a member of a waterfowl hunting club or lease? 
(circle the number)
1 YES ---  If YES, please go to Q-8
2 NO - If NO, please go to Q-21
Q-8 How many members were in your hunting club during the 
1990-1991 waterfowl hunting season?
Members
Q—9 During the 1990-1991 waterfowl hunting season, did your 
hunting club lease land in Louisiana for the purpose of 
waterfowl hunting? (circle the number)
1 YES ---  If YES, please go to Q-10
2 NO --- If NO, please go to Q-21
Q-10 How much did your hunting club pay to lease this land 
for the 1990-1991 waterfowl hunting season?
___________ Dollars
Q-ll How many acres of waterfowl hunting land did your club 
lease in Louisiana for the 1990-1991 waterfowl hunting 
season?
_______  Acres
Q-12 In which parish(es) is the land your club leased for 
waterfowl hunting in the 1990-1991 waterfowl hunting 
season?
Parish(es)
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Q—13 What is the distance one-way from your home to the land 
your club leased for waterfowl hunting in 1990-1991?
_______________ One-way Miles
Q—14 Which of the following best describes the land your club 
leased for waterfowl hunting during the 1990-1991 
waterfowl hunting season?
1 Mostly Bottomland Hardwood
2 Cropland
3 Coastal Marsh
4 Swamp
5 Other (please specify) ______________________
Q-15 How would you rate the overall waterfowl hunting quality 
of the land your club leased for the 1990-1991 waterfowl 
hunting season? (circle the number)
1 Poor
2 Fair
3 Good
4 Excellent
Q—16 Do you use this leased land for anything other than 
waterfowl hunting? (circle the number)
1 YES ----  If YES, please go to Q-17
2 NO - If NO, please go to Q-18
Q-17 Which of the following best describes the other 
recreational uses of the land your club leased for 
waterfowl hunting during the 1990-1991 waterfowl hunting 
season? (circle the numbers)
1 Hunting other than waterfowl
2 Camping
3 Boating
4 Fishing
5 Wildlife viewing
6 Other (please specify)
many years has your club leased this land for
waterfowl hunting?
Years
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Q-19 Which of the following best describes your lease 
agreement? (circle the number)
1 Multi-year
2 Yearly
3 Other (please specify) _____________________
Q—20 Which of the following were provided by the owner of the 
land your club leased for the 1990-1991 waterfowl 
hunting season? (circle the number)
1 Land preparation and flooding
2 Blinds or pits
3 Improved access (roads, launch for boat)
4 Liability insurance
5 None of the above
6 Other (please specify) ____________________
Q-21 During the 1990-1991 waterfowl hunting season, did you 
waterfowl hunt on either a National Wildlife Refuge or 
a Louisiana Wildlife Management Area (WMA)? (circle the 
number)
1 YES ---  If YES, please go to Q-22
2 NO --- If NO, please go to Q-25
Q-22 Please name the National Wildlife Refuge or Louisiana 
Wildlife Management Area on which you most often hunted 
waterfowl and indicate how many times you hunted there 
during the 1990-1991 waterfowl hunting season.
________________  Refuge  Number of hunting trips
________________  WMA _Number of hunting trips
Q-23 What is the distance one-way from your home to this 
Refuge or WMA?
___________  One-way Miles to Refuge
One-way Miles to WMA
3 4 2
Q-24 How would you rate the overall quality of this Refuge or 
WMA for waterfowl hunting? (circle the number)
Refuge WMA
1 Poor 1 Poor
2 Fair 2 Fair
3 Good 3 Good
4 Excellent 4 Excellent
Q—25 During the 1990-1991 waterfowl hunting season, did you 
hunt waterfowl at a commercial hunting establishment?
1 YES ---  If YES, please go to Q-26
2 NO ---  If NO, please go to Q-31
Q-26 Which of the following services were provided by the 
owner of this commercial day hunt (circle the numbers)
1 Overnight lodging and meals
2 Blinds and decoys
3 Guide service
4 Dressing and packaging game
5 Liability insurance
6 Other (please specify) _____________________
Q-27 What is the distance one-way from your home to this 
commercial day hunt establishment?
_____________  One-way Miles
Q-28 How many trips did you take to hunt waterfowl at this 
commercial day hunt establishment during the 1990-1991 
waterfowl hunting season?
  Total number of trips
Q-29 How much did you pay per day to hunt at this commercial 
day hunt establishment?
Dollars per day
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Q—30 How would you rate the overall waterfowl hunting quality 
of this commercial day hunt establishment? (circle the 
number)
1 Poor
2 Fair
3 Good
4 Excellent
Q-31 During the 1990-1991 waterfowl season, approximately how 
much did it cost you to hunt waterfowl? (Including 
hunting related expenses such as lease, gas, food, 
clothing, shells, duck stamp, etc.)
______________ Dollars per season
Q-32 Suppose that your costs of waterfowl hunting were 
greater than the number you reported in Q-31. 
Approximately how much greater would your costs have to 
be before you choose not to hunt waterfowl in Louisiana?
___________  Dollars
Q-33 Suppose you could sell your right to hunt waterfowl for 
one season. Realizing that you would not be able to hunt 
waterfowl that season, how much would you charge to sell 
your right to hunt Louisiana waterfowl for one season?
_____________  Dollars
Q-34 During the 1990-1991 duck hunting season Louisiana had 
a season length of 30 days and a maximum daily bag limit 
of 3 ducks. Suppose hunting regulations, including 
season length and bag limit became more restrictive. At 
what level would you stop hunting ducks in Louisiana?
____________ Days in the duck hunting season
Daily bag limit of ducks
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In the next section, please tell us about some of the 
features of duck hunting that influence your decision 
to hunt, how often you hunt, and how well you enjoy 
duck hunting.
Q—35 Please indicate the features of duck hunting that most 
influence your decision to hunt ducks by ranking the 
following features from 1 to 10, with 1 being the least 
influential and 10 being the most influential.
  Travel time to huting location
  Site congestion (number of other hunters)
  Type of hunting party (alone, friends,
strangers)
  Total cost per season
  Maximum bag limit per day
  Type of hunting site
  Length of season
  Others (please specify) _____________________
The features of duck hunting described in Q-36 could be 
combined in a number of ways, offering you a different 
kind of hunting experience for each season. Please use 
the sample combinations that follow to rank each of the 
twenty possible hunting seasons, with 10 being ideal 
hunting conditions for a season, and 1 being completely 
unsatisfactory hunting conditions. Please rate the 
combinations from 1 to 10 in the boxes provided.
In the following section, you are provided with seven 
combinations of factors such as bag limit and length of 
season. Each factor is given at three different levels, such 
as a bag limit of 2, 3, or 7, or a season length of 20 days, 
30 days, or 40 days. Please rate EACH of the following twenty 
combinations on a scale of 1 to 10 (where 1 = completely 
unsatisfactory season and 10 = the ideal season).
3 4 5
Season Rating
Travel time: 1.5 Hours one way
Site congestion: None
Type of hunting party:
Total cost: $500
Waterfowl bag limit:
Type of hunting area:
Hunt alone
3 waterfowl per day 
Lease with friends
Length of season: 20 days
Season Rating
Travel time: 1.5 Hours one way
Site congestion: None
Type of hunting party:
Total cost: $1,500
Waterfowl bag limit:
Type of hunting area:
Friends or Family
Length of season: 3 0 days
7 waterfowl per day 
Public Land (WMA or Refuge)
Season Rating
Travel time: 1.5 Hours one way
Site congestion: Low
Type of hunting party:
Total cost: $1,500
Waterfowl bag limit:
Type of hunting area:
Length of season: 40 days
Hunt alone
7 waterfowl per day 
Lease with Friends
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Season Rating
Travel time: 1.5 Hours one way
Site congestion: Low
Type of hunting party: Friends or Family
Total cost: $1,000
Waterfowl bag limit: 2 waterfowl per day
Type of hunting area: Public Land (WMA or Refuge)
Length of season: 20 days
Season Rating
Travel time: 1.5 Hours one way
Site congestion: Low
Type of hunting party: 
Total cost: $500
Waterfowl bag limit: 
Type of hunting area:
Length of season: 30 days
Hunt with Strangers
3 waterfowl per day 
Commercial Lodge
Season Rating
Travel time: 1.5 Hours one way
Site congestion: High
Type of hunting party: Hunt Alone
Total cost: $1,000
Waterfowl bag limit: 2 waterfowl per day
Type of hunting area: Lease with Friends
Length of season: 30 days
3 4 7
Season Rating
Travel time: 1.5 Hours one way
site congestion: High
Type of hunting party: Freinds or Family
Total cost: $500
Waterfowl bag limit: 3 waterfowl per day
Type of hunting area: Public Land (WMA or Refuge)
Length of season: 40 days
Season Rating
Travel time: 3 Hours one way
Site congestion: None
Type of hunting party: Hunt Alone
Total cost: $500
Waterfowl bag limit: 2 waterfowl per day
Type of hunting area: Commercial Lodge
Length of season: 40 days
Season Rating
Travel time: 3 Hours one way
Site congestion: None
Type of hunting party: Friends or Family
Total cost: $1,500
Waterfowl bag limit: 3 waterfowl per day
Type of hunting area: Lease with Friends
Length of season: 20 days
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Season Rating
Hunt alone
Travel time: 3 Hours one way
Site congestion: Low
Type of hunting party:
Total cost: $1,500
Waterfowl bag limit:
Type of hunting area:
Length of season: 30 days
3 waterfowl per day 
Commercial Lodge
Season Rating
Travel time: 3 Hours one way
Site congestion: Low
Type of hunting party: 
Total cost: $500
Waterfowl bag limit:
Type of hunting area:
Length of season: 20 days
Hunt with Strangers
2 waterfowl per day 
Public Land (WMA or Refuge)
Season Rating
Hunt Alone
Travel time: 3 Hours one way
Site congestion: High
Type of hunting party:
Total cost: $1,000
Waterfowl bag limit:
Type of hunting area:
Length of season: 20 days
7 waterfowl per day 
Commercial Lodge
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Season Rating
Travel time: 3 Hours one way
Site congestion: High
Type of hunting party: 
Total cost: $1,500
Waterfowl bag limit:
Type of hunting area:
Length of season: 40 days
Hunt with Strangers
3 waterfowl per day 
Public Land (WMA or Refuge)
Season Rating
Travel time: 5 Hours one way
Site congestion: None
Type of hunting party:
Total cost: $500
Waterfowl bag limit:
Type of hunting area:
Hunt Alone
Length of season: 30 days
7 waterfowl per day 
Public Land (WMA or Refuge)
Season Rating
Travel time: 5 Hours one way
Site congestion: None
Type of hunting party: Friends or Family
Total cost: $1,500
Waterfowl bag limit: 2 waterfowl per day
Type of hunting area: Commercial Lodge
Length of season: 40 days
Season Rating
Travel time: 5 Hours one way
Site congestion: Low
Type of hunting party: Hunt alone
Total cost: $1,500
Waterfowl bag limit: 2 waterfowl per day
Type of hunting area: Public Land (WMA or Refuge)
Length of season: 20 days
Season Rating
Travel time: 5 Hours one way
Site congestion: Low
Type of hunting party: Friends or Family
Total cost: $1,000
Waterfowl bag limit: 3 waterfowl per day
Type of hunting area: Commercial Lodge
Length of season: 30 days
Season Rating
Travel time: 5 Hours one way
Site congestion: Low
Type of hunting party: Hunt with Strangers
Total cost: $500
Waterfowl bag limit: 7 waterfowl per day
Type of hunting area: Lease with Friends
Length of season: 40 days
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Season Rating
Travel time: 5 Hours one way
Site congestion: High
Type of hunting party: Friends or Family
Total cost: $500
Waterfowl bag limit: 7 waterfowl per day
Type of hunting area: Commercial Lodge
Length of season: 2 0 days
Season Rating
Travel time: 5 Hours one way
Site congestion: High
Type of hunting party: Hunt with Strangers
Total cost: $1,500
Waterfowl bag limit: 2 waterfowl per day
Type of hunting area: Lease with friends
Length of season: 30 days
The questions in this final section will help us learn 
more about waterfowl hunters in Louisiana. ALL the 
answers to questions in this section will remain 
strictly confidential.
Q-36 How many years have you been a waterfowl hunter? 
___________ Years
Q-37 What is your present age?
___________  Years
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Q-38 What is your sex? (circle the numner)
1 Male
2 Female
Q—39 In what size town or city do you live? (circle the 
number)
1 Rural (less than 500)
2 501 - 1,000
3 1,001 - 5,000
4 5,001 - 10,000
5 10,001 - 50,000
6 50,001 - 100,000
7 100,001 - 500,000
8 500,001 or more
Q—40 Which of the following best describes your racial or 
ethnic background? (circle the number)
1 White (Caucasian)
2 Black (African American)
3 American Indian
4 Hispanic
5 Oriental
Q-41 Which of the following best describes your current 
employment status? (circle the number)
1 Still in school
2 Employed
3 Unemployed
4 Retired
Q-42 Which is the highest level of education you have 
completed? (circle the number)
1 Completed grade school
2 Completed high school
3 Completed college
4 Completed advanced degree
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Q-43 Which of the following ranges best describes your total 
household income from all sources, before taxes? (circle 
the number)
1 Less than $10,000
2 10,000 to 14,999
3 15,000 to 19,999
4 20,000 to 24,999
5 25,000 to 29,999
6 30,000 to 34,999
7 35,000 to 39,999
8 40,000 to 44,999
9 45,000 to 50,000
10 Over $5C1, 000
3 5 4
Is there anything else that you would like to tell us 
about waterfowl hunting in Louisiana? If so, please use 
the space below for that purpose. Your contribution to 
this effort is greatly appreciated.
Department of Agricultural Economics and Agribusiness, 
Louisiana Agricultural Experiment Station, Louisiana 
State University Agricultural Center, Baton Rouge, 
Louisiana 70803
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